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The Two Great Lines of 


- ELLICOTT 
DREDGERS 


Ellicott Heavy Duty and “DRAGON”® model dredgers have earned 
a worldwide reputation as the standard of dredger quality. 

The name “Ellicott” has come to represent maximum 

efficiency, assured economy of operation 

and long trouble-free service 

life wherever dredgers are used. 


THE HEAVY DUTY TYPES are de- 
signed and built to meet specified needs, but 
have the versatility to handle a wide range of 
projects under varied conditions. Their individ- 
val design and rugged construction enable them 
to be profitably applied to many dredging jobs. 


THE “DRAGON” MODELS, equally 
high in quality, offer the benefits of standard- 
ized design and answer the need for small and 
medium size portable units at a relatively low 
cost. Designed in match-marked parts, they are 
available in sizes from 6 to 20-inches and may 
be disassembled and transported overland by 
rail or truck. 


For complete information on dredgers, please communicate with 
Ellicott Machine Corporation, Export Dept., 
1600 Block Bush Street, Baltimore, Maryland, U.S.A. 


ELLICOTT DREDGERS 


ELLICOTT MACHINE CORPORATION, Baltimore 30, Maryland, U.S.A.; 
Ellicott-Brandt, Inc., Baltimore, Maryland; Ellicott Fabricators, Inc., 
Baltimore, Md.; McConway & Torley Corp., Pittsburgh, Pa.; Timberland- 
Ellicott, Limited, Woodstock, Ontario, Canada; Dragues Ellicott France, 
Paris, France; Dragas Ellicott do Brasil Ltda., Rio de Janeiro, Brazil; 
Ellicott de Mexico, Mexico City, Mexico. 

Successors to the floating dredge business of the Bucyrus-Erie Company 
and the American Steel Dredge Co. Complete engineering, design and 
construction service. 
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Editorial Notes Fs 


The Extension and Development of Cliff Quay, Ipswich 


Before the 1939/45 War, Ipswich built its reputation as a port 
for the handling of bulk goods for local manufacture and distri- 
bution. A sizeable transhipment trade in coarse grain was also 
established. The effect of the war was to change the pattern of 
trade and thus give rise to some new thinking as regards future 
port facilities, and it became apparent that the Port would have 
to widen its horizons and be ready to meet any demand made 
on it. 

Before these ideas could be put into effect, there was a back- 
log of maintenance work to be undertaken and much worn out 
plant had to be replaced, Also, a large dredging programme to 
restore the river channel to 19-ft below L.W.O.S.T., and to make 
certain increases in the width, was commenced in 1947. During 
the period these works were being executed, it was becoming 
increasingly apparent that the deep water quay, which was 1,800 
feet in length, was not capable of handling all the traffic which 
had to be accommodated, and ships were having to wait in 
Harwich Harbour before being able to obtain a berth. It was 
considered that if a further 600 feet were added the present 
trade requirements could be comfortably accommodated, but it 
was clear that, if the Port wished to attract any further trade, 
particularly transit goods, more quay and shed space would be 
required. Therefore, it was decided to extend the existing deep 
water quay as far south as was physically possible, and to 
develop, as required, the reclaimed land which would be pro- 
vided behind it. 

A scheme for the extension of the quay, and the reclamation 
of an area of land behind it, was accordingly authorised and the 
work commenced in January, 1956. The completed quay was 
officially opened by one of the then Joint Parliamentary Secre- 
taries of the Ministry of Transport and Civil Aviation, Mr. Airey 
Neave, D.S.O., O.B.E., M.C., M.P., on 10th May, 1957. A transit 
shed was completed two years later and cranes are being pro- 
vided as required. 

With the completion of these works, which are described in 
detail on a following page, the Port of Ipswich can now offer 
facilities unequalled in the area between the Thames and the 
Humber. 


Timber in Harbour and Dock Engineering 

We are publishing in this issue a series of articles on the 
physical properties and uses of timber in the field of maritime 
engineering. Some of these articles are specially contributed, 
but all of them have been prepared generally in collaboration 
with the Timber Development Association and the British Wood 
Preserving Association, and they form a most valuable con- 
spectus of this most diverse subject. With the immense variety 
of timbers occurring in nature, many more of which are coming 
into general use (not to mention their manufactured derivatives), 
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the subject is almost limitless in its scope but although there is 
an extensive bibliography much of it is not related to utilitarian 
purposes and for this reason the survey now prepared is all the 
more valuable. It makes no extravagant claims; the merits and 
demerits of different species of timber in different circumstances 
are fairly analysed so that they may be employed properly to the 
fullest advantage. 

Constructional works are in the main a product of their own 
environment and methods of construction are still largely 
dictated by the economic facts of material availability around 
which specialised skills have grown up. Timber for what might 
be called permanent structures, therefore, has generally been em- 
ployed where timber abounds. The fact that many of these earlier 
structures are being replaced by other forms is often a tribute 
to the remarkable durability of timber when correctly used, for 
during the life of the structure replacement timber near to hand 
has disappeared, so that a substitute material has perforce to be 
used. 

We in this Journal are primarily concerned with the uses of 
timber in marine structures where activity of teredo and limnoria 
borers requires naturally resistant timbers or those which can 
be treated effectively to minimise their effect, but port engineers 
who cover a wide field of operation will find much to interest 
them in the articles where surface applications of timber con- 
struction are considered. The special properties of selected 
varieties for dolphins and, above all, for groynes and coastal pro- 
tection works, make timber practically indispensable for such 
purposes and although large-diameter rubber blocks and tubular 
rubber fenders are being largely employed in fendering work, 
often these must be used in conjunction with timber to develop 
a satisfactory system. Greenheart still has its proponents for 
the keels and meeting faces of dock caissons and mitre gates, 
although for Box flaps stainless steel and rubber strips (which 
have almost an indefinite life when totally submerged) are being 
increasingly employed. But here again the life of the shell plating 
is the determinant rather than that of the timber. 

The high cost of the better-known timbers for marine use, 
of suitable length and scantling, has militated against their use 
in recent years, though other varieties are now becoming avail- 
able. Most of them grow in small, scattered stands in remote 
areas. The cost of extraction is high and as much as two years 
may elapse before they can be brought down to a point where 
they can be converted or shipped. Sometimes local legislation 
prohibits export in log form, presumably because of the 
difficulty of enforcing grading specifications designed to safe- 
guard the purchaser. Handling and stowage of sawn timber— 
particularly tropical hardwoods—is costly also (as is referred 
to in one of the articles) although the position is being improved 
by strapping, provided that this is done really securely. 

Fungus infection and pest infestation and their remedial 
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treatment are aspects of timber use about which the articles have 
much to say but the principal objection to timber construction 
in general is undoubtedly the fire hazard, though this is often 
exaggerated. The application of fire retardants can help to 
lessen this danger but it is fair to say that no ordinary building 
is fire resistant. The structural members of a steel-framed 
building (for example) will collapse unless they are encased in 
concrete. It is the contents of a cargo shed which usually con- 
stitute the fire hazard and once a fire gains a hold in any normal 
building roof lights disintegrate and in the strong up-draught 
the roof very soon collapses in a mass of twisted ironwork. A 
timber building is no more vulnerable in this respect than other 
more orthodox forms though it imposes certain design restric- 
tions which can, however, be largely overcome by modern 
techniques. 

The resources of the timber production industry and its allied 
manufactures have become so widely varied that outlets fitted to 
its products will always be found provided that engineers and 
architects have knowledge of this versatile material and remem- 
ber that often in the processes of industrial development 
obsolescence has to be considered as much as physical decay. 


Tonnage Measurement of Ships 


The Tonnage Measurement Sub-Committee of the Inter- 
Governmental Maritime Consultative Organisation (I.M.C.O.) 
has made some progress in the task of examining the possibility 
of simplifying the various rules of measurement at present in 
force throughout the world. It is by no means certain however 
that the outcome of what will undoubtedly be a protracted 
investigation will be the adoption of a universal system. 

Dr. Cristiani’s proposals in the paper he read to the Institution 
of Naval Architects having been published in our last issue, it 
is but right that a report of the discussion, necessarily sum- 
marised, should be given, and this appears on a following page. 
As Dr. Cristiani admitted, there is nothing particularly new in 
his ideas. He recommends that the under-deck tonnage should 
be simplified by using a co-efficient related to the block co- 
efficient and, to remove the open shelter-deck anachronism, that 
exemption from measurement should be given to spaces con- 
tained in superstructures and available only for cargo. 

Has, in fact, Dr. Cristiani contributed anything which will 
help in fixing an international tonnage rule? To limit the 
measurement of a ship by a new method of computing gross 
tonnage is not, it may be suggested, much of an advance on 
the present system, although, of course, any simplification of 
the measurement of underdeck tonnage cannot fail to be wel- 
comed. Dr. Cristiani states that most taxes paid by ships are 
based on gross tonnage but surely net register tomnage is more 
important, for that is the basis on which dock and harbour dues 
are charged (with the exception of dry dock and tug charges). 
Net register tonnage is obtained by deducting the measurement 
of certain spaces from the gross tonnage. 

The view that spaces contained in superstructures available 
only for carrying cargo should be exempted from inclusion in 
the gross tonnage does not take account of the fact that ship- 
owners would be allowed to earn money from a part of a ship that 
is not included in the measurement for dock dues. The British 
method of computing tonnage, adopted by most maritime 
nations, does not include spaces in “ open” shelter decks which 
are available for cargo; but when cargo is carried in these spaces 
the latter are measured and added to the tonnage. This is an 
anomaly which should be omitted in any future method of 
tonnage computation. 

Dr. Cristiani stresses the advantage of an international tonnage 
rule; but such a rule should abolish all exemptions and deduc- 
tions from international measurement and should be fair as 
between ships, whether they earn their money by carrying cargo, 
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passengers, or both. 

Dr. Cristiani’s paper has brought to the fore the importance 
of establishing an international rule and the advantages which 
would follow from it. There are many arguments why gross 
tonnage should not be used as a standard of measurement and, 
indeed, that displacement tonnage is a more suitable basis for 
calculating dock and harbour dues and other charges. It is clear 
that, as Mr. W. Errington Keville wrote in the article also repro- 
duced last month, the I.M.C.O. Sub-Committee, in considering 
this complicated question of tonnage measurement, will have a 
far from easy task, one which “will require an open-minded 
approach to the problem on the part of all countries participating 
in the discussion.” 


Standardising and Simplifying Shipping Documents 


According to reports in the American press, the first practical 
results of a two-year study and publication of the report 
“ Merchant Shipping on a Sea of Red Tape” by the Pacific Coast 
maritime industry are being reaped in Chile. Readers will 
remember that this report was reviewed in last December’s issue 
of this Journal, when attention was called to an appeal to mari- 
time interests throughout the world to “reduce, eliminate and 
simplify the overwhelming burden of paperwork and regulation 
imposed on ship operators”. 

We now learn that the recommendations of the Chilean 
National Shipowners Association to drastically cut the number 
of documents required at Chilean ports have been accepted by 
their Government and as a result nineteen documents, involving 
93 copies, in the nation’s coastal service, 17 documents involv- 
ing 67 copies for insular operators, and 15 documents involving 
83 copies, for ships engaged in international service, have been 
eliminated. Whereas previously new documents had to be sub- 
mitted at each Chilean port of call, under the new provisions 
a single document will suffice for all Chilean ports on a single 
voyage. Also simplified is the passenger manifest, with the 
elimination of unnecessary information formerly required. This 
development is regarded in America as “ without a doubt the 
most significant breakthrough to date in efforts to reduce 
shipping red tape”’ and as a “ major encouragement to efforts 
everywhere to further reduce and simplify ship documentary 
requirements, both by nations and ultimately through multi- 
lateral international agreement.” 

A further step towards solving this problem internationally 
was also taken in London at the end of last month when the 
sub-committee of the International Chamber of Shipping held 
its second meeting, representatives from ten countries being 
present. 

The sub-committee decided that there were three basic docu- 
ments which, at this stage, should be revised—the passenger 
manifest, the crew list and cargo manifest. They stated that, 
at present, these vary greatly in size and lay-out and the variety 
of informational items required and it was their opinion that 
they should all be of a standard basic form. A new form of 
general declaration type should also be devised in substitution 
for the many small document forms currently in use. To achieve 
this, working parties have been set up further to examine these 
documents and to make recommendations concerning their ulti- 
mate form. These working parties are international in character 
and are composed of members of the countries represented at the 
meeting. As part of the sub-committee’s work progress reports 
will be drawn up on a quarterly basis for the widest possible 
international distribution, and where necessary, steps will be 
taken to keep alert both national and governmental bodies as to 
the type of work which has been done and the progress which 
has already been made towards the simplification of shipping 
documentation. The sub-committee will meet again next 
October. 
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of Cliff Quay, [Ipswich 





General Description of Recent Works 





(Specially Contributed) 


In 1955 the Ipswich Dock Commission authorised a scheme for 
the extension of the Port’s deepwater quay and the reclamation 
of an area of land behind it. Work began in January 1956 and, 
when completed, Cliff Quay provided a 33 feet wide quay 1,450 
feet long, carrying a crane track and three lines of rail tracks with 
a retaining wall to accommodate about six acres of reclaimed land 
behind the quay, and a 28 feet deep berth at L.W.O.S.T., 100 feet 
wide, in front. 

The quay is supported by steel tube piles, and steel sheet 
piles form the retaining wall. The filling behind the retaining 
wall was taken from the nearby cliff known as Hog Highland; 
this operation provided a further level area of about 2 acres. 
Roads serving the backlands were constructed, and, in 1959, 
a transit shed was erected and a surfaced area, on which to 
stack goods, was provided. The works are shown on the 
accompanying drawings and photographs. 


The Site 


Cliff Quay is situated on the Eastern bank of the River Orwell 
between the entrance to the Ipswich Dock and Cliff Quay 
Generating Station. 

In 1923/4, 600 feet of quay was constructed just downstream 
of the Lock Entrance to the Dock. This was increased to 1,800 
feet by 600 feet extensions at the downstream end in 1927/8 and 
1936/7. The 1956/7 works of 1,450 feet extend the quay up to 
the boundary between the Ipswich Dock Commission’s property 
and Cliff Quay Generating Station. 

The berth alongside the quay is approached by a 300 feet wide 
channel, dredged to 19 feet below L.W.O.S.T. 

The river bed, on the line of the new extension, was about 
16-18 feet below the level of the existing quays (+15.5 OD 
(Liverpool)), which was the general level of the adjoining back- 
lands and the access road to Cliff Quay Generating Station. On 
the East side of this road Hog Highland, a mixture of clay, 
ballast and running sand, extends to about 80 feet above the road. 
Fig. 1 shows the foreshore and Hog Highland. 

The underlying stratum of the river bed was known ito be 
chalk, and trial test piles showed that the level of this varied 
from about 14 feet below O.D. (Liverpool) at the North end of 
the new extension to 24 feet below O.D. at the South end. It 
was known that the chalk in the area varied considerably and 
the new quay would be likely to encounter an “ Ice Age Valley ” 
which would greatly affect pile driving operations. 

Road and rail access were available for the new works. A 
water supply from the existing quay was provided and a 
temporary electricity supply was made available by extending 
the cable feeding the Southern part of Cliff Quay to the works. 


Requirements 

The quay was required to deal with 12,000 ton gross displace- 
ment vessels carrying general cargo. The deck had to carry 
tracks for 54-ton portal cranes and two lines of goods trains 
and it had to take a 5-ton mobile crane. A 400 volt 3 phase 
electricity supply was necessary, which called for a sub-station 
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with the equipment required to provide this from the 6.6 kVA 
ring main serving the area, 
Design Considerations 

The first 600 feet of the old quay consisted of a 44 feet wide 
concrete deck on concrete frames supported on concrete piles 
with vertical concrete sheet piles retaining the fill behind. The 
second and third 600 feet lengths, which were both the same, 
were similar to the original construction except that the deck 
of these was only 32 feet wide because the rear rail track was 
carried on sleerers placed on the fill instead of on the deck. 














Fig. 1. 


View of the foreshore and Hog Highland. 


It was obvious, in 1955, that the previous forms of construc- 
tion would prove expensive as the labour costs of these would 
be high. Various designs were examined; the economies of 
wider decks and shorter retaining wall piles were balanced, and 
eventually it was decided that a 33 feet wide deck, 2-ft. 6-in. 
deep, designed with a flat soffit, supported on 22-in. outside 
diameter 4-in. thick piles, with a sheet pile retaining wall, would 
be the most economical form of construction. It was decided 
that Copper Content steel would be used for the tube and steel 
piles. 

The line which the new quay should take was governed by 
the radius of 800 feet which the existing cranes needed to 
travel, the practical length of the straight portions of quay 
required to provide for berths, and the approach channel con- 
siderations. 


Construction 

It was intended that the driving of the sheet piles for the 
retaining wall and the tube piles, supporting the deck, should 
proceed together so that a 100 feet radius derrick, travelling 
along the foreshore downstream from the North end, could serve 
both driving plants. Delays in the delivery of the tube piles, and 
the good rate of the driving of the sheet piles, made this 
impossible due to the very long length of track along the fore- 
shore for the derrick which it would have been necessary to 
provide and to maintain. The derrick is seen in Fig. 2. 

The driving of the (No. 4 Appleby Frodingham) sheet piles 
varied considerably. For the first 685 feet of the wall, 48 feet 
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Extension of Cliff Quay, [pswich—continued 


long piles were used; for the next 250 feet they were 51 feet 
long; for the next 250 feet they were 54 feet long, and 58 feet 
for the remainder. Box Piles 65 feet long, consisting of two 
Sheet piles, with a 9/16-in, thick plate welded to them, were 














Fig. 2. Driving Sheet Piling. 


included in the wall on the line of the main piles. The sheet 
and box piles were driven with a No. 9 B3 McKiernan Terry 
hammer. This work proceeded as a continuous operation and 
took 54 months to complete. The sheet pile wall is anchored 
by 33-in. diameter tie rods 72-ft. 6-in. long, fixed 15-ft. 6-in. 
from the top of the wall at centres varying from 10-ft. 3-in. at 
the North end, to 8-ft. at the South end, te a continuous concrete 
beam 6-ft. deep x 3-ft. wide. The walings consist of two 15-ft. 
x 4-in. channels 4-in. apart. The thrust at the top of the wall is 
dealt with by pairs of 22-in. diameter 4-in. thick tube piles, 65 
feet long, driven at | in 3 batter at 45 feet centres. These also 
deal with the force transmitted through the deck from ships 
when berthing. The driving of these piles is shown in Fig. 3. 
When about half of the wall was completed, an earth embank- 
ment was constructed at right angles to the wall between the 














Fig. 3. McKiernan Terry hammer driving tube piles. 


wall and the bank, and the area behind the wall was sealed off 
from the effect of the tide. It was necessary to plug holes in 
the sheet piles and to deal with some of the clutches of the piles 
to prevent water entering the area on a rising tide. However, 
these works were well worth while, as they allowed the con- 
struction of the anchor beam and the fixing of the tie rods to 
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be undertaken without the interference of the tides. When the 
second half of the wall was completed, a seal was made at the 
downstream end, and the area behind was dealt with in a 
similar manner. By the time the retaining wail was finished, 
about half the tube main piles were driven. 

It was decided to test load the first pile driven. The test 
was carried out in the following manner. Four No. 3 Rendhex 
piles, 80 feet long, were driven around the pile to be tested. 
These supported twin 10-in. x 8-in. joists which carried a 24-in. 
x 74-in. plated beam, against which a 200 ton jack operated. 
Downward measurements of the pile, upward movements of the 
jacking beam, loads, temperature, water levels, etc. were recorded 
every 4 hour. The load was applied gradually in stages. After 
the design load of 140 tons and been supported without move- 
ment for 8 days, the load was increased to 154 tons. This was 
supported for 10 days without any movement and the pile was 
considered to be satisfactory. 

Readings for the temporary compression and set of each pile 
driven were taken to decide the length of pile. Generally, the 
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Fig. 4. Menck and Hambrock Piling Plant. 


80 feet piles provided were sufficient, but a few had to be 
lengthened and some of the front piles at the South end were 
shortened to 70 feet. Lengthening or shortening a pile took 
about half a day. Extension pieces, 11 feet long, had been pro- 
vided in view of the known changing nature of the strata. 

The Menck and Hambrock tubular frame piling plant Type 
MR40 steam driven with a 4-ton hammer dropping 3-4 feet, 
which could deal with piles up to 100 feet long and 14 tons 
weight, was carried on a temporary structure, supported on the 
piles it had driven. This was moved after the driving of every 
fourth pile. The pile frame and supporting structure is shown 
in Fig. 4. The piles were launched from the deck of the old 
quay and floated to the pile frame which was able to pick them 
up, pitch and drive them without further assistance. A rubber 
stopper was fitted to the open end of the piles to make them float. 
The 192 main and 64 raking piles were driven in five months. 

Selected fill of broken concrete and rejected stone was placed 
immediately behind the wall. The remainder of the fill was 
taken from Hog Highland. Accurate survey work, good control 
and setting out were necessary to ensure that the material 
removed from Hog Highland provided sufficient fill without 
having any appreciable amount to cart away. The work was 
done by a 19RB drag filling dumpers. The good winter of 1956/7 
greatly assisted this work. 

It was necessary to provide a drainage system along the full 
length of the cliff, about ten feet from the bottom, to prevent 
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Plan and Cross-sections of Extension Works, Cliff Quay, Ipswich. 


slips. This allowed for some variation in dealing with the 
quantity of material to be removed, as the width of the beam 
provided allowed the lower slopes to be varied slightly to make 
the adjustment required. Fig. 5 shows this work. 

It was doubtful, when the works started, whether the dredging 
would be done before the main piles were driven, or whether 
it would be almost the last operation to be done. There would 
have been advantages and disadvantages in either case. The 
availability of the Sub-Contractors’ plant turned out to be the 
criterion, and dredging had to be done after the main piles were 
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increased 
made the 


driven. Whilst the late arrival of the dredging plant 
the length of driving for the centre and front piles it 
pitching of these easy. 

The fender system consisted of 16-in. x 16-in. x 65-ft. Green- 
heart Piles at 15 feet centres, with two Greenheart 12-in. x 12-in. 
walings at 2-ft, 9-in."and 14-ft. 6-in. respectively from the deck 
level, and a 9-in. x 6-in. Greenheart Coping at deck level. All 
except the coping were faced with 4-in. thick Elm rubbing strips. 
The fender piles were handled, pitched and driven by the 19.RB 
machine and a 2-ton hammer dropping 1-2 feet. The piles had 
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a penetration of about 8 feet into chalk, ‘‘ Goodyear” tubular 
shock absorbers, 15-in. x 7}-in. x 2-ft. long, were hung from the 
deck with chains behind the 16-in. x 16-in. piles which were fixed 
in recesses in the deck. This arrangement allows for a 10-in. 
movement of the fender system in berthing operations, It was 
necessary to employ a diver to cut a ledge in the sloping chalk 
bank on which to pitch the piles as, otherwise, it was found that 
the piles tended to follow the slope of the bank. The fine limits 
which the fixing of the piles at deck level permitted, made it 
necessary for them to be accurately placed and driven. 

The dredging of the 5 feet nearest the quay became a problem 
which would not have arisen had it been possible to dredge 
earlier. 

The Dredging Works included clearing the approaches to the 





eet 
RET 


ER 











Fig. 5. Cleared area at the toe of Hog Highland. 














Fig. 6. Completed connections between the old and new quays. 


new quay to 19 feet below L.W.O.S.T. and also providing a turn- 
ing circle of 500 feet radius from a point on the new quay. This 
work was done by a bucket dredger. The material was trans- 
ported and dumped at sea (about 15 miles) by hoppers. 

The placing of the reinforcement, and concreting of the 2-ft. 
deck slab caused no concern, and the deck proceeded at about 
90 feet per week. “ Bean” bollards have been provided at 90 feet 
centres. The holding down bolts for the bollards had to be 
accurately fixed because of the limited adjustment which the 
thick base and number of bolts allowed. Holes were drilled in 
the deck to take the crane and rail track fixings. 

These tracks were laid in a 6-in. thick concrete slab. Hydrants 
have been placed at 120 feet centres, and these are fed from a 
lagged water main hung from the underside of the deck. 

The 400 voit electricity supply is fed from a sub-station, built 
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for the purpose, by cables behind the retaining wali. The crane 
plug boxes at 100 feet centres are fed from “ T” junctions under 
the deck. 

A make-up section between the old quay and the extension 
was provided with a sliding joint which allowed for a 3}-in. 
movement; this is shown in Fig. 6. 

It was unknown when the quay was completed how the land 
behind was likely to be developed, but the access roads provided 
were expected to cater for the possible storage areas and sheds 
which would be required. For this reason, no general surfacing 
of the area was included in the initial scheme, but surface water 
drainage was provided through the sheet pile wall. An aerial 
view of the works, taken soon after the quay was finished, is 
shown (Fig. 7). It was decided later that the Northern end of 
the extension, as far as the access road near Cliff Quay 
Generating Station, an area of about 7,000 square yards should 
be surfaced to provide a storage area. This was done with cold 
asphalt on a base of weak mix concrete. 

At the same time, a Transit Shed, 85 feet wide, 225 feet long 
and 18 feet to eaves, was authorised to be built just South of 
the access road near the Generating Station entrance. This is 
an asbestos sheeted building, with brickwork six feet high. The 
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Fig. Aerial view of the completed quay. 


sides and North gable wall of the building are carried on 
“Franki” piles 16-in. diameter x 40 feet long, driven in pairs. 
The piles along the sides are under alternate stanchions with 
concrete foundation beams between them to carry the inter- 
mediate stanchions. The South gable consists of a normal roof 
truss, and temporary framing to allow for a future extension, 
and is, therefore, not on piles. To deal with uneven settlement 
of the ground which will take place, the floor has been made 
of “Stelcon Raft Units”. These are placed on a 2}-in. layer of 
sand, and are easily lifted or replaced. The foundation for the 
floor consists of a rolled 9-in. layer of hard core which was 
blinded with a 3-in. weak mix layer of concrete rolled in. 

Two electric portal 3-ton cranes had been ordered and were 
ready to serve the new extension soon after it was complete. 
At present two further cranes, one 54-ton and one 3-ton, are 
being added to the existing complement at Cliff Quay, making 
a total of twelve. Two groups, one consisting of three 3-ton, 
and the other of three 54-ton, cranes, all with a reach of 65 feet, 
will be available to serve this end of the quay. 

The Main Contractors for the Quay were Messrs. J. L. Kier 
Ltd. of London; Messrs. W. & C. French Ltd. of Buckhurst Hill, 
for the Transit Shed and Messrs. Roadworks (1952) Ltd., of 
Ipswich, for the surfacing. Sir Alexander Gibb & Partners were 
the Consulting Engineers for all works. 
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8,000-ton cargo liner M.S.‘ Oti’ in Tema Harbour— 

the first ocean-going liner to enter the harbour. 
Contractors: Parkinson Howard Ltd. Consulting 

Engineers: Sir William Halcrow & Partners. 
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Goodyear Dock Fenders for 
Africa’s largest artificial harbour 


GOoDYEAR DOCK FENDERS were chosen for all berths at Tema, 
Ghana’s new £16,000,000 harbour. Two four-berth quays, a 
dockyard, oil berth, fishing harbour and slipways and safe 
anchorage in 42 ft. of water have been provided. Effective 
fendering for all vessels using the harbour is ensured by 
2175 ft. of 12 in. x 6 in. and 90 ft. of 15 in. x 7} in. cylindrical 
Goodyear Fenders. Two tugs, built for ship towing service in 
the harbour are also equipped with Goodyear Fenders. The 
only other major port in Ghana, Takoradi, is also equipped 
with Goodyear Fenders which replaced the original, 
timber fenders. 

Now in use in over 70 countries, Goodyear Dock Fenders 
resist abrasion, cutting, corrosion and decay. They are first 

i . . P ae “S/T ‘Mensah Sarbah’, one of two tugs built by Ferguson Bros. 

choice where high energy absorption with minimum (Port Glasgow) Ltd. for ship towing service in the new harbour. 
maintenance is required. Cylindrical Goodyear Fenders 15” x 7}” are fitted to the bow.” 








THE WORLD OVER, MORE we AND HARBOUR INSTALLATIONS ARE 
PROTECTED BY GOODYEAR RUBBER FENDERS THAN BY ALL OTHER MAKES 


THE GOODYEAR TYRE & RUBBER COMPANY (G.B.) LTD., INDUSTRIAL RUBBER PRODUCTS DEPARTMENT, WOLVERHAMPTON 
EXPORT ENQUIRIES: 17 STRATTON STREET, LONDON, W.1 
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Tonnage Measurement of Ships 


Discussion on paper to the Institution 


of Naval Architects 


In the April issue of the “ Dock and Harbour Authority ” were 
published two contributions on the subject of tonnage measure- 
ment of ships and the case for the simplification of the existing 
rules. One of these contributions was a summary of a paper read 
by Dr. Ing. Luigi Cristiani to the Institution of Naval Architects. 
The author asserted that the modifications he suggested in the 
rules were limited to simplifying some of them and bringing them 
up-to-date. 

In the discussion which followed, Sir Stanley V. Goodall 
(honorary vice-president of the Institution) said he did not think 
anybody would maintain that under the present system the gross 
tonnage represented the commercial value of a ship. This was 
a shipowner’s problem. Would they prefer “ services rendered ” 
rather than “capacity to pay”? If “services rendered” were 
considered it would be found that gross tonnages would be 
greatly altered from what they were today. Dr. Cristiani wished 
to abolish net tonnage. The difficulty lay in the number of 
authorities who would have to be consulted. The naval architect 
would like to see the end of net tonnage, because the allowances 
in the present regulations, when passing from gross to net 
tonnage, represented one of the handicaps from which the naval 
architect suffered. There could be no two opinions of the 
desirability of a common international standard for tonnage 
measurement, but international agreements were not very 
easy to achieve. The open shelter-deck was a fine type in 
peace but too vulnerable in war on account of the tonnage regu- 
lations. It should not surpass the wit of man to enact a tonnage 
regulation that would ensure to the shipowners the advantage of 
the open shelter-decker in peace-time while permitting the ship 
to become iess vulnerable in war-time. 

Mr. R. J. Shepherd said that the author’s suggestion to abolish 
the use of net tonnage was perhaps reasonable, but not new; he 
doubted whether the consequential practical problems could be 
so readily dismissed as the author had done. The ratio of net 
to gross had always been of interest, and the very low ratios 
obtainable under certain rules would seem to justify the author’s 
suggestion. The rules of some port authorities permitted them 
to impose an arbitrary minimum to the ratio, and an alternative 
to abolishing net tonnage altogether could, perhaps, be found 
by the use of an average value. Exception to such a rough and 
ready simplification of the rules might be expected from owners 
of ships which had at present a value lower than the average. 

Mr. H. E. Skinner said that the reasons advanced by the 
author for international agreement were overwhelming. But he 
had not been so clear about the reasons for continuing the exist- 
ing Moorsom system. It was as well to reflect on the reasons 
which led up to the system of tonnage measurement which was 
now used. There were two important factors which were present 
at first and which they might not think existed now. The first 
was the need to avoid penalising the newly-developing steam- 
ships; this gave rise to concessions and produced the idea of a 
net tonnage. Secondly, there was the need to improve con- 
ditions and provide amenities for the crews, and that caused the 
adaptation of the rules, because there were no other means of 
ensuring that those conditions could be attained at that time. 

The first reaction by ship users to any new set of rules was 
to consider how to get the most out of them, and that led to the 
development of the shelter-decker, which had proved a most 
effective type commercially. But it could equally have led to 
an objectionable type. Therefore, when new ideas were being 
introduced into tonnage one had to be very careful about what 
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was being done to provide opportunities for evasion of the new 
rules that were introduced. Also it was dangerous to try to 
adjust any new rules to agree with tonnages which were produced 
under an old system, because it led to illogical adjustments. 

Professor C. W. Prohaska said that he had been working on 
the same lines as Dr. Cristiani for a good many years. At about 
the end of the war he tried to interest the Danish shipowners in 
his proposed amendments to the Tonnage Measurement Regula- 
tions, but without success. Later he got in touch with one of his 
friends, the late Sir Amos Ayre, who showed great interest in the 
amendments regarding the 13 per cent. limit for the machinery 
space, which had been under discussion for some time in Britain 
and which were carried through a few years later. Since then 
he had used every opportunity to persuade shipowners and 
tonnage experts in several countries that further amendments 
were desirable and would be to the benefit of everybody as the 
safety of ships could be improved. 

When the tonnage experts from the ccuntries adhering to the 
Oslo Convention met in Copenhagen in 1956 his proposal, which 
was practically identical with that now put forward by Dr. 
Cristiani as regards the non-conditional exemption from inclusion 
in the gross tonnage of all spaces intended for dry cargo and 
situated above the freeboard-deck, was favourably accepted by 
many of the delegates. Some of them pointed out that such 
an amendment could be carried through only if it were backed 
up by the shipowners. Agreeing completely in this he had sub- 
mitted the proposal to the shipowners’ associations of a number 
of countries and was now awaiting the reaction. 

As this amendment would make unnecessary the tonnage open- 
ings which now detracted from the safety of both shelter-deckers, 
3-islanders, and many coaster types, and further could be carried 
through without any change (or very slight changes) in actual 
tonnage figures, he still hoped ke would live to see it through. 
He was particularly glad that Dr. Cristiani, quite independently, 
had come to the same conclusion and he hoped that the Italian 
shipowners would back him up. 

On the other hand he disagreed with the author’s remaining 
proposals. They had, in his opinion, no chance of being accepted 
at present; they would cause complete revision of a great many 
paragraphs in the regulations of all countries, as they would 
modify the tonnage figures and thus all regulations, dues, etc., 
depending on these, Dr. Cristiani’s third proposal, which was 
nearly equivalent to his own, would help to bring losses down 
—and it could be done without detrimental effects to anybody 
concerned. 

Mr. W. H. Marsden said that while he sympathised with the 
author’s views on simplifying the present method of measure- 
ment, it would be realised that this method was an internaticnal 
standard. It was only a few of the allowances which varied 
between nations. Therefore, it would appear logical, in order to 
have the advantages as detailed in the paper, to obtain an inter- 
national agreement on the allowances which were in variance. 
The simplification could then be a matter for discussion by the 
tonnage experts of the participating countries, by a similar 
arrangement to that at present in operation with the Oslo Con- 
vention countries to ensure uniform interpretation of their regu- 
lations, etc. 

Mr, L. Beckwith said that the definition of the tonnage deck 
for “open shelter-deckers” which had been “closed”, but 
retained a limited draught, could cause some confusion. The 
author suggested that it be the first continuous deck above the 
freeboard mark. A closed ship sailing at its maximum draught 
could still have its freeboard much below the second deck and 
could therefore claim to be measured to this deck only. Was it 
not intended that thé tonnage deck should be the “ virtual” 
freeboard deck? 

Should a formula be employed to find the underdeck tonnage 
it would be a step into the past, for it was well known that various 
formulae were employed before the Moorsom system was 
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Tonnage Measurement of Ships—coutinued 


adopted, and the anomalies created by them were largely res- 
ponsible for setting up the various commissions which resulted 
in Moorsom formulating his system; the commissions themselves 
came to no decision. Also, this system was first employed on 
vessels which were small in comparison with the majority of 
those encountered today. 

Mr. W. MacMillan said that however good the reasons for 
simplification might appear to some naval architects, sweeping 
revision seemed to him to be quite unrealistic and to hold no 
hope of support from the shipping industry, There was too 
great a weight of legislation, of one sort or another, and too many 
economic factors, dependent upon tonnage, to admit of serious 
consideration being given to drastic change. If change were to 
come it must be brought about for reasons other than idealistic 
ones and all the vested interests would want to be thoroughly 
satisfied of the need for it. 

Mr. H. S. Peake said that most speakers were agreed that 
the present rules developed from the Moorsom Rules now had 
little relevance to anything but themselves, and were also agreed 
that to form a set of international rules from all the national 
variations of an arbitrary set of rules would be most difficult. 
It should therefore be suggested by responsible naval architects 
that a new set of rules which had some relevance to modern facts 
should be drawn up, and should not only have reference to 
tonnage and methods of paying dues by themselves, but should 
be dovetailed with Loadline Rules, and with new stability rules 
and subdivision rules, where relevant, using the same parameters 
wherever possible. 

In a written contribution to the discussion, Mr. John Brown 
observed that the paper added one more attempt to the many 
already made to simplify the Rules for Tonnage Measurement, 
and proposed a fresh basis for an international rule. While the 
simplified method now proposed was undoubtedly attractive, 
it was almost certain to meet the same difficulties as many of 
its predecessors in proving unacceptable to one or other of the 
many varied interests concerned with the tonnage problems, 
and efforts to achieve such acceptance might produce consider- 
able disappointment and frustration—to such an extent that 
another proposal made by Dr. Cristiani might be overlooked. 

The other proposal was that in which he envisaged a new 
definition of the tonnage deck, viz. that the tonnage deck should 
be the freeboard deck, or the first continuous deck above the 
freeboard mark. He combined with this a further suggestion 
that any space available only for cargo within any superstructure 
above the tonnage deck be exempted from tonnage. These com- 
bined proposals were not entirely new. 

There was every reason for supporting this suggestion now 
tabled before The Institution by Dr. Cristiani and using whatever 
opportunity might offer itself under the auspices of I.M.C.O. or 
otherwise. The resultant advantages in safety to the “open 
shelter-deck ” ship should appeal in particular to British owners, 
who favoured this type so extensively. 

Captain J. P. Thomson wrote that the rules for measurement 
on the whole might be said to have stood the test of time. It 
was, however, when trading became difficult with poor freights 
and when ships could not pay their way that every avenue must 
be explored. It might be said that the problem was one of 
economics. If the port charges were governed by some form of 
standard freight rate, internationally agreed, the tonnage 
measurement problem would be a minor one. 

Shipowners were perhaps not so much concerned with the 
gross tonnage (although a reasonable minimum figure was 
desirable) as they were with the deductions in order to reduce 
the net tonnage to a minimum, for it was on the net tonnage 
that the major portion of the charges fell and the aim was to 
secure a maximum freight-earning capacity on the minimum net 
tonnage. 
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Through many decades the shipbuilder had done his best to 
achieve this requirement. Many designs of ships had been built 
with this aim; perhaps notable amongst them was the turret 
ship, now no longer being constructed. It was the aim of the 
marine superintendent, consistent with the proposed trade, to 
arrange the ship so as to derive full benefit from these exemp- 
tions and deducted spaces and, of course, to see that in service 
no material, stores, or small amounts of cargo were carried in 
exempt or deducted spaces. For such infringement the penalty 
was that the whole space might be added to the net tonnage 
and might not be subject to subsequent remission. 

The shelter-deck ship had trading advantages, the most im- 
portant perhaps being that the space between the upper deck 
was free of tonnage unless used for cargo, when the space was 
added to the net tonnage. This, of course, helped in difficult 
periods and when the ship was only rpartly loaded. 

Mr. J. D. Calder wrote that a clear distinction should be made 
between “taxation” and “dues”. If the purpose was “ taxa- 
tion” then obviously earning capacity came into the picture, 
but if that was to be the basis, surely the whole matter should 
cease to occupy the time and energy of design departments and 
drawing offices. The problem then became one more for the 
accountant rather than for the naval architect, and instead of 
using Simpson’s Rules and ship plans the proper subjects of 
study were the profit and loss accounts of the shipowners. 

The real problem was that of assessment of harbour, canal, 
and other dues and the logical basis for such charges was “ for 
services rendered.” It was to be hoped that I.M.C.O. would 
start off with a clean slate and endeavour to produce an ideal 
system of measurement. 

Mr. R. Gray asked would the existing tonnage situation be 
any better off if the proposals as outlined in the paper were 
adopted? Apart from making the shelter deck type of ship 
redundant, he would say not. If an international system of 
tonnage measurement was ever to be agreed to by the various 
countries concerned, then a fresh start must be made and a para- 
meter chosen which would not favour any particular type of ship. 

In this respect he suggested something on the lines of the 
following as a basis:— 

1 Adopt the displacement to the maximum designed summer 

draught as the parameter, modified if necessary by applica- 

tion in a formula to give the gross tonnage of the ship. 

Allow certain agreed non-earning spaces as exemptions 

from this gross tonnage as a percentage of the gross. 

3 Allow a certain proportion of machinery and crew spaces 
as a deduction from the gross, thus giving a net tonnage. 

Hence a gross and net tonnage could be calculated with the 
minimum amount of actual measurement at the ship and all 
the anomalies and inconsistencies, which occurred under the 
present system of measurement, could be abolished. Taking all 
into account, a system based on the above would produce the 
fairest and simplest basis for an international tonnage measure- 
ment system. 

Mr. H. J. Adams wrote that in his opinion a complete change 
of method of calculation should be introduced as had been pro- 
posed previously in other quarters without success. 

The author pointed out that charges for pilotage, towing, moor- 
ing, and dry-docking as well as a number of fees were based on 
gross tonnage, while port dues, health certificate taxes, light 
dues and canal fees were charged on net tonnage. There seemed 
to be no reason for this difference and all dues and fees should 
be charged on some factor defining the size and earning capacity 
of the ship. It was presumed that the present tonnage rules 
when introduced were intended to define these factors, but the 
method was cumbersome and its only justification could be that 
as it had been accepted for so long and taxes all over the world 
were based on it, it was difficult to change. 
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Tonnage Measurement of Ships—continued 


Mr. F. N. Boylan suggested that Dr. Cristiani’s proposals were 
worthy of adoption provided that the virtual freeboard deck was 
regarded as the tonnage deck and in cases in which the assigned 
draught corresponded to an intermediate freeboard the registered 
tonnage of the cargo spaces ’tween the two decks be interpolated 
on the draught. 

Mr. R. Munro-Smith wrote that the suggestion that the 
measurement of a vessel for identification and commercial pur- 
poses might be limited to the gross tonnage would most certainly 
bring about simplification in tonnage calculations. This would 
necessitate changes by the various dock and harbour authori- 
ties in their present system of assessing fees, dues, and charges. 
It seemed reasonable, however, to assume that such bodies would 
very quickly devise new tables of fees and dues if the suggested 
measurement was adopted. 

The present tonnage laws were highly unsatisfactory. Any 
new, simple, and fair law would be of immense advantage to the 
shipowners, shipbuilders, and engineers. 

Mr. E. E. Bustard put forward an additional reason for simpli- 
fication, more important than all the other reasons put together. 
They were rapidly approaching the day when everything they 
did would have to be cast in such a form that it could be handled, 
without an inordinate amount of programming and preparation, 
on the electronic data-processing machine. The freeboard rules 
were already in such a form and in the freeboard computation 
many of the leading parameters affecting tonnage required to be 
handled. It would appear that if a tonnage numeral could be 
arrived at by using selected data from the freeboard computa- 
tion they would then be in a position to determine the statutory 
freeboard and statutory tonnage simultaneously on the computer. 
The Classification Societies were already appointed as assigning 
authorities for loadlines and it would appear possible for them to 
be appointed as assigning authorities for tonnage also, without 
involving them in any additional work other than initial pro- 
gramming. They could then divert tonnage admeasurers to more 
useful work, eliminating this job entirely. This was not an 
extreme view; it was entirely practical. If a study was made of 
the devious and varied methods of assessing dues all over the 
world, the only conclusion which could be reached was that the 
present system of tonnage measurement was pompous, preten- 
tious nonsense. 








Correspondence 


To The Editor of The Dock & Harbour Authority 
Dear Sir, 
Surfacing of Wharves and Roads im Dock Areas 

As I read through Mr. Gaynor’s letter to you on the above sub- 
ject, published in your April issue, I looked for the constructive 
approach to correct the misleading impressions which Mr. Gaylor 
apparently feared might be gained by readers of the article in 
question. I could, however, only find the very dogmatism which, 
in writing the article, I had striven to avoid. 

The article was written to stimulate and focus the attention of 
dock users—not only engineers—on the various road surfaces 
available and the means of obtaining the right pavement for the 
right job. Equally important is it, to have an understanding of 
the mechanics of failure of a “ broken” pavement. The biblio- 
graphy given on page 339 was specifically intended to direct the 
technical minded reader further. 

In an article of limited scope it is not helpful to the reader to 
be so biased as to put the matter out of perspective, and in reply 
to Mr. Gaynor, I would ask for some further space in order to 
return the subject to this correct perspective. 

The C.B.R. test is essentially a laboratory test carried out under 
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controlled conditions on what engineers loosely term soil, but 
which is itself classified into numerous divisions and sub-divisions 
ranging from gravel and gravelly soils through sand and sandy 
soils, thence to fine grained soils with various degrees of plasticity, 
and lastly to fibrous organic soils such as peat. In drawing 
attention to the effect on the C.B.R. of stones contained within 
the soil mass Mr. Gaylor is taking but a small part of a wider 
problem and the safeguards that need to be considered are part 
of a laboratory technique that was outside the scope of the article. 
The important thing to know surely is that such methods of pave- 
ment design do exist, not to be afraid to employ them but to use 
some common sense in their application. Technical books on 
know-how are always available. Reading the fifth paragraph of 
Mr. Gaynor’s letter on page 383 I am left wondering at the 
temerity of those who dare to use concrete road slabs ! 

With regard to the use of mastic for in-filling a rail recess in 
a concrete slab, there is no difficulty in completely filling the 
space. As noted in Fig. 7 of the article, its use also permits the 
removal and renewal of rails with least disturbance to existing 
surfaces. 

Concerning Fig. 8 the open type surface water drain the 
amended detail shown by Mr. Gaynor on page 383 is inadequate 
and is an example of a failure to appreciate that above the sub- 
grade (of a given C.B.R. value) there must be structural com- 
ponents of such C.B.R. values to accord with the pavement thick- 
ness above those components. Thus the same thickness of base, 


above the sub-base, for the same wheel load must obtain, or 
alternatively the C.B.R. value of the sub-base must be increased. 
Whichever it is there must result the detail shown on page 337. 
To avoid the construction joint the following method may be 
adopted (see sketch). 


. kerb | drain chanel - kerb 
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SURFACE DRAIN- ALTERNATIVE 
CONSTRUCTION DETAIL 


The use of a haunching stone or precast concrete kerb gives 
lateral support to the asphalt surfacing of the drain and also has 
a neater appearance (as shown in the photographs of Fig. 8a on 
page 337 of the original article). They also permit the drain to 
be constructed where one side is unsurfaced as seen in the right 
hand photograph of Fig. 8a. 

The use of grouted aggregate advocated on page 339 was there 
suggested “ where suitable agregate is not available.” It can of 
course be used where suitable well graded aggregates are also 
available. The tensile strength is not considerably less than con- 
ventional concrete. For example, large precast unreinforced 
blocks of colcrete, weighing 20 tons and 2-ft. 3-in. thick were 
satisfactorily handled, transported and placed in a wharf con- 
struction (see page 198, “The Dock and Harbour Authority,” 
October 1957), when the working tensile stress in the block during 
lifting was at least 60 Ibs. per sq. in. The quay paving shown in 
Fig. 3, on page 312, is only 6-in. thick and to my present know- 
ledge has not suffered from the defects mentioned by Mr. Gaynor. 

If “ surface dusting is due to either too much water, too much 
screeding or too rich a mix” (Mr. Gaynor page 383-4), the need 
for some measures (special or otherwise) to prevent such dusting 
(see item (d) disadvantages—page 312) seems fairly obvious. 

The use of surface hardeners and surface reinforcing agents for 
concrete slabs were treated separately on page 313 and the use of 
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Correspondence —continued 


silicate of soda mentioned in the former of these only. 

I regret I must restate the basic data concerning bituminous 
surfaces. This term is used whether tar or bitumen is the 
“binder.” It is with respect to the specification of the binder 
that the terms viscosity and penetration were used on page 314. 

Tars and cut-back bitumens are specified by viscosity, which 
is measured in a standard viscometer, or by an equiviscous tem- 
perature (°e.v.t.), which is the temperature in °C at which the tar 
has a standard viscosity of 50 seconds. Mr. Gaynor is wrong in 
saying that the viscosity test is used to classify the grade of bitu- 
men. The grade is determined solely by the distillation process 
in the refinery, a hard bitumen being one that has been distilled 
further than a soft one. The test for hardness is the penetration 
test in which is measured the distance a standard needle pene- 
trates into a specimen of bitumen under specific conditions of 
loading, temperature and time. The ring and ball test simply 
measures the softening point. That is, the temperature at which 
the bitumen has a certain degree of softness, 

In a straight run bitumen, there are no volatiles to evaporate 
and the bitumen has to be heated to be workable (see page 314 of 
the original article). 

Contrary to Mr. Gaynor’s statement; there are a number of 
test methods for use on site in the control of quality of bitumin- 
ous mixtures, comparable to those for concrete work. Such tests 
have been developed to determine certain characteristics of bitu- 
minous mixtures as used for road construction. The tests are: 

(1) Per cent voids in compacted mixture 
(2) Stability test 


New Wharf and Sheds at 


St. George’s, Grenada 
Reconstruction Works following Caribbean Hurricane 


The disastrous hurricane “ Janet” which in September 1955 
struck the Windward Islands in the Caribbean, not only destroyed 
the plantations of Grenada, but wrecked the island’s only deep- 
water pier at St. George’s and so threatened the entire economy 
of the island. The 850-ft. long pier, supported on timber piles 
and carrying four transit sheds, was capsized and the wreckage 
completely submerged. 

With exports of bananas, nutmeg and cocoa forming an essen- 
tial part of Grenada’s trade (at present 750,000 stems of bananas 
are exported annually) replacement of the pier was of paramount 
importance, and work commenced on a new harbour in Septem- 
ber 1957. In the interim, lighters operating from a small jetty 
maintained trade until May 1959 when the new jetty was suffici- 
ently far advanced to allow vessels to berth alongside. 

The new pier occupies the same site as the old one but an 
additional 3.3 acres of the old harbour, between quays and shore, 
have been reclaimed for new extensions to accommodate the 
sheds. The reclaimed area is retained between two parallel 
rubble banks, 425-ft. apart running out westwards from the exist- 
ing shore. 

A jetty, 375-ft. long and 36-ft. wide, completes the L-shaped 
structure, giving a total frontage of 800-ft. The jetty and front 
face of the wharf are of heavy steel sheet-piling. 

An underwater survey showed that much of the wreckage of 
the old pier lay in the area to be reclaimed and while skin divers 
tackled this work other labour worked on the construction of the 
rubble banks. Stone was gathered from the river beds of the 
island by hand and piled up at the roadside, from where it was 
loaded into lorries and dumped into place straight into the waters 
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(3) Extraction test 
(4) Stripping test 

Per cent voids in compacted mixture. This test is necessary 
to see that the compacted mixture has the essential voidage 
necessary for expansion of the binder during hot weather. In the 
test the specific gravity of the mixture is compared with that of 
theoretically the same mixture without voids. A thoroughly 
compacted mixture with a dense graded mineral aggregate should 
not exceed 5 or 6 per cent. 

Stability test. This measures the resistance to displacement 
under traffic and is essentially a load test on a specimen of the 
mix heated to a given temperature. 

Extraction test. This test measures the percentage of binder 
present in a bituminous mix, also the aggregate graduation. 

Stripping test. This test determines the effects of moisture 
upon bituminous coated aggregate. 

There are also methods of mix design comparable to those used 
in concrete work. 

The four general causes of pavement failure mentioned by Mr. 
Gaynor are not the whole picture. It is important to recognise 
the symptoms of failure and to appreciate the remedies. Refer- 
ence to Section 7, pages 337 and 338 of the original article will 
help in establishing in the reader’s mind a picture of the agencies 
at work and will be more useful than categorical assertions, 
especially where more than one cause is contributory. 

Yours faithfully, 
LEO CRYSTAL, 
B.Sc.(Eng.), A.M.I.C.E. 


London, W.5. 
9th May, 1960 







ST GEORGE 





\ 


NEw _/N\ 





THE SPOUT 





Plan of St. George’s Harbour, Grenada. 


of the harbour. Some 40,000 cu. yds. of rubble and 84,000 cu. yds. 
of gravel were transported to the site and off-loaded by hand. 

The area between the rubble banks was filled with laterite 
gravel in layers 2-ft. thick which were then compacted by a 10-ton 
roller and a vibrating roller. The heavy steel sheet-piling in the 
front face of the wharf and in the jetty was 62-ft. long, driven to a 
depth of 25-ft. below the dredged level of the berths. 

This piling of special steel with a tensile strength above normal 
has a copper content for resistance to corrosion. The piling in 
the wharf was tied back by means of double steel channel section 
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New Wharf and Sheds at St. George’ s—continued 


walings and 24-in. diameter tie-rods to a lighter sheet-piled 
anchor wall 60-ft. behind. 

The piles were driven with a steam hammer and the pitching 
was done with a seven-ton Henderson electric derrick, mounted 
on rails and equipped with a 120-ft. jib. The anchor piles were 
driven using timber trestles and walings while a tubular steel 
floating guide was used for driving the main piles. The gravel 
was retained along the intended pile-line by a rubble bank. 

A crane-barge replaced the land-based derrick for driving piles 
along the jetty. McKiernan-Terry hammers fed by an oil-fired 
Spencer-Hopwood boiler were employed for pile-driving opera- 
tions. As the bed of the harbour sloped steeply away from the 
wharf, rubble was dumped from a steel barge to stabilise the toes 
of the piles and bring the level of the harbour bed up to minus 
30-ft. 

About 24 acres of the reclaimed area was paved with cold 
asphalt macadam three inches thick, laid over nine inches of hand- 
pitched rubble. This surface was graded towards an open chan- 
nel drain running across the wharf with outfalls located in the 
rubble banks at its north and south ends. 





View of the new wharf and transit shed. 


Transit Sheds 


Two steel-framed buildings were erected on site. One, the 
banana shed, was a Fink truss building 133-ft. long and 58-ft. 
wide with open sides used for receiving bananas off-loaded from 
lorries. For two days each week, banana carriers trading 
directly between Grenada and the United Kingdom berth at St. 
George’s. 

The second building used as a transit shed, is an Arcon struc- 
ture 20-ft. high to the eaves and 38-ft. to the ridge with a clear 
span of 100-ft. It is 200-ft. long overall, with a mass concrete 
retaining wall on its landward side to provide a loading platform 
for lorries. 

Corrugated aluminium, treated to reduce glare, was used for 
sheeting this building. Both sheds were designed to withstand 
winds of up to 100 m.p.h. 

Main bollards were placed at approximately 100-ft. centres 
along the wharf front and mushroom bollards at the same spacing 
along the back of the jetty arm. Greenheart timbers spaced at 
10-ft. centres provide vertical fendering and horizontal fenders 
placed at the front corners of the wharf protect the capping beam. 

In all 5,668 cu. yds. of sand and coral was dredged from the 
harbour floor. Approximately 600 cu. yds. of this was removed 
from along the wharf front, the remainder was accounted for in 
dredging around the jetty to a depth of 15-ft. below low water 
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ordinary spring tides. The dredger was mounted on a 200-ton 
barge. 

Local men comprised the labour force which reached a peak 
of 150 apart from six Europeans. These local men built the two 
steel-framed sheds although they had never been engaged on work 
of this nature before. 

The contractors chartered a ship to bring out the 19RB, the 
Henderson electric derrick, piles, stone crushers, concrete mixers 
etc. from Britain. Other equipment was hired locally with the 
exception of one 6-ton roller which was bought in Miami. 

Messrs. Coode and Partners, London, Consulting Engineers for 
the Crown Agents designed the new £500,000 harbour works and 
pier and Messrs. Holland and Hannen and Cubitts Ltd. of 
London, were the main contractors. 








London Congress of the 
Institute of Transport 


The Congress of the Institute of Transport was held last month 
in London for the first time since 1925 and, during the two days 
it was in progress, three papers on transport were read and dis- 
cussed. These were “ The State and Transport Economics” by 
Sir Gilmour Jenkins, a past president of the Institute; “ British 
Transport Aeronautics—Looking Ahead ” by Mr. Peter Masefield, 
also a past president of the Institute; and “ British Shipping—A 
National Service or a Commercial Enterprise?” by Sir Donald 
F. Anderson, a past president of the Chamber of Shipping of 
the United Kingdom, Mr. Reginald G. Grout, president of the 
Institute, presided at the Congress which was opened by Mr. 
Ernest Marples, the Minister of Transport. 

In his paper Sir Gilmour Jenkins reviewed the effects of Govern- 
mental control in Great Britain, particularly on the railways and 
road transport, and drew attention to the fact that there is no 
planned transport system in the country. He continued, “ What 
we have is a pattern built up originally from many small parts, 
and the freedom of action of those parts, and of the great amal- 
gamations into which some of them have been welded, has been 
circumscribed from time to time by checks and balances the 
ultimate effects of which could not all have been forecast when 
they were imposed. 

“Transport is too important to the life of the community and 
the prosperity of industry to escape interference from the state, 
even in those days when laissez-faire was the watchword in 
economic matters. It cannot therefore be run purely as a 
business. Neither, at least in this country, is internal transport 
likely to be run purely as a service without regard to its cost. 
What we have is a mixture, and the problem is to make it work 
as well as we can without too much regard to pure logic but with 
a high regard to practical issues when they are seen to be 
necessary.” 

With regard to the future of air transport, Mr, Peter Masefield 
in the course of his paper said, “ Three features stand out—the 
trends in speed, the trends in costs and the trends in traffic. A 
major commodity which air transport has to sell is time. Speed 
and time are mutually interchangeable—although not always in 
direct ratio. Speed between airports often bears little relation- 
ship to speed between city centres. However, one of the striking 
things is that the promise of the next ten years, on both the 
short-haul and the long-haul routes, is of substantially greater 
advances in speed than during any decade in the past. On the 
short-haul routes, the*turbine helicopter offers prospects of sub- 
stantial reductions in time by cutting out the surface journeys 
to the airports. On the long-haul routes, we are today at the 
stage of assimilating the large subsonic jets, and in time these 
too will be superseded on the major routes by the supersonic 
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transport aeroplane capable of flying at rather more than twice 
the speed of sound.” 

Regarding the hovercraft, it was Mr, Masefield’s view that it 
was not yet sufficiently advanced to be able to replace the 
existing English Channel air ferry in four years. It had two 
great disadvantages: in rough seas it would rock about quite 
considerably: and the cloud of spray which surrounded it. He 
advocated the building of a Channel tunnel to cater for low 
fare traffic, while the air would continue to cater for higher- 
class passengers. 

British Shipping—A National Service 
or a Commercial Enterprise? 

Sir Donald Anderson in his paper condemned foreign govern- 
ments who practised subsidisation and discrimination and said 
that unless the trends were reversed, British shipping would have 
to choose between the need for Government support with its im- 
plications or a contraction of its business. In shipping, a sub- 
stantial proportion of foreign flag fleets are now run, commer- 
cially speaking, at a loss, through Government help direct or 
indirect, or both. 

“We are in the throes of a very severe shipping slump—inter- 
national, because our business is international. But slumps have 
been known before, and we must consider to what extent our 
troubles are temporary and to what extent likely to be permanent. 
It is agreed that there are far too many ships in service at present 
throughout the world, and that the near future must be grim, 
but what of the middle future, or the distant future? 

“The branch of shipping most directly affected by British 
national transport policy, or by a lack of it, is coastwise shipping. 
The railways can run coastal shipping out of business by lower- 
ing charges on such business as it carries, and they can do this 
without much affecting their own overall losses. Road transport 
is for certain cargoes an even stronger competitor. It seems 
essential, therefore that active support and protection, as part of 
a domestic transport policy, must be given to coastal shipping 
if it is not to disappear in a few years, and if it is to be properly 
used to supplement the road system. This is not a matter of 
charity or sentiment, any more than keeping the railways up to 
date is a matter of sentiment. The country needs rail, road and 
coastal shipping, but if it is to keep all three, it must have a 
transport policy which enables each to do what it can do best, 
and so relieve the strain on the other two. The coastal cargo 
liners have suffered considerable reverses in their fortunes since 
the war and their business has greatly diminished. Serious inroads 
have been made by rail into the carriage of coal by coastal tramps 
for the gas and electrical industries. Yet, strategically we know 
that small ships would be of vital importance in any future war. 
Coastal shipping is the only branch of shipping whose problems 
can be solved nationally, but there are no signs that they will 
be. 

“ Tankers, on the other hand, operating in a completely inter- 
national field, are suffering chiefly from a simple world surplus 
of tonnage. They have been over-built under all flags. There 
are few peculiar national problems in this tanker surplus. Indeed, 
the competitive problems are raised by the Stateless ones—the 
flags of convenience owners—who, primarily by avoiding taxa- 
tion, have ploughed far more back into the business in good times 
and have thus increased their fleets quicker than others. The 
slump in tankers, then, calls only for a simple solution, which is 
to scupper about a quarter of them. 

“Passenger ships stand in every way apart from the rest 
of shipping. They face three basic problems. The first is how 
to keep their costs down when what they are providing is largely 
personal service. In the world of today, the cost of personal 
service has risen out of proportion to other costs. The travelling 
public has become so sophisticated that a higher standard of 
both accommodation and service is constantly being called for. 
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of Transport—continued 


“The second basic problem is how to compete with air, which 
sells speed, but which is enabled by the help of all governments 
to sell it at far below its true cost. Air can therefore cash in on 
speed—its one outstanding asset, while it is enabled to contract 
out of cost—its one outstanding handicap. People still want 
passenger ships. More and more regard a voyage in a passenger 
ship as a dream which is perhaps unattainable, because they 
doubt whether they can afford it. 

“ The third basic problem facing British passenger shipping is 
government subsidisation of competing passenger ships. Primarily 
on the Atlantic one government after another has decided that 
the national prestige argument—the cracks in which are usually 
papered over with national defence wallpaper—is a sufficient 
reason to subsidise commercially uneconomic passenger ships. 

“A tramp is a multi-purpose ship—essentially a series of large 
open spaces into which, in succeeding voyages, one can load grain, 
coal, ore, sugar, bauxite and beans. But certain large operators 
in specific commodities have contracted for specialised ships, 
which they can use continuously for the carriage of bulk sugar, 
bulk ore, coal, bulk grain. This has diminished the amount of 
cargo open for carriage thoughout the world by the tramp owner. 

“For quite another, and we hope a temporary reason, tramps 
are suffering at present. Tankers are entering the grain trade. 
A large number of tankers can find no oil to carry, but they can 
carry grain—not so conveniently perhaps; not perhaps at a profit; 
but at a loss less than they would incur by laying up. Thus, in 
all, tramps are least affected by governments and least likely to 
develop into national transport services. 

“ Finally, we must consider the cargo liners—the ships serv- 
ing a regular trade. They, too, have their peculiar troubles. The 
first springs from the growing tendency of nations to protect 
their shipping, as they protect their manufacturers. Shipping 
is not protected by tariffs but either by subsidies or by discrimina- 
ation. Discrimination, even more pernicious than subsidies, both 
because it is less obvious and because it positively diminishes 
the pool of cargo for which all ships can compete, sees to it that 
national cargoes are carried in national flagships and not in 
the ships freely chosen by importers and exporters, and, there- 
fore, by implication, more efficient ones. This is a very difficult 
form of international commercial practice to check or to wipe 
out. National prestige and defence both come into the picture, 
but once a shipping industry is artificially built up then there 
exists a vested interest which sees that the taxpayer helps to 
support it somehow. 

“The second problem peculiar to cargo liners is how to fix the 
level of rates at a remunerative level. This is peculiar to cargo 
liners, because charter rates for both tramps and tankers are 
established by a market. It is no use blinking the fact that in 
a number of liner trades the general level of tariffs is not enough 
over a period to produce sufficient reward for the capital invested 
in the necessary ships. The return is in many cases less than 
that which the same amount of capital would receive if invested 
in the industries which produce the cargo for the ships. Yet the 
risks of owning the ships are seldom less than those of producing 
their cargoes. Something has gone wrong in the general attitude 
of mind on this subject, and a great deal of explanation and 
education is needed in many parts of the world to convince 
traders and governments alike that if they want overseas shipping 
services for their exports or imports they must allow the capital 
needed for them to get a return at least as high as in less risky 
enterprises. If we cannot alter this climate of opinion, there are 
two alternatives. The first is that governments will have to sub- 
sidise shipping, if they will not allow it to charge enough. This 
will end in national services in time. The second is that ships 
will not be replaced, a shortage will gradually develop, and ships 
will then command something nearer to the rates they need, 
because their services are essential to trade.” 
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Timber in Harbour and Dock Engineering 


Wide Range of Application for Masisime Works 


By J. P. M. PANNELL, M.B.E., M.I.C.E., M.I.Mech.E. 
(Engineer to Southampton Harbour Board) 





HE use of timber for harbour and dock works is of great 

antiquity. With the group of materials included in rocks 

and soils, such works were constructed for many thousands 
of years. In the last century or so, other materials have been 
developed which have become keenly competitive with the older 
traditional materials, these include iron, steel and concrete. Such 
new resources may be used separately or in combination with each 
other or with timber. The present-day harbour or dock engineer 
has therefore to assess the relative merits of a variety of alternatives 
in the choice of his materials of construction. 

It is thus more necessary than ever that he should know the 
advantages and disadvantages of the competitive materials in every 
respect, such as: resistance to environment; suitability for func- 
tion ; economic factors ; considerations of construction. 

Environment may include wet and dry conditions, marine borer 
activity and abrasion. Suitability for function involves strength, 
resilience, weight and fire resistance, Economic factors not only 
include price but also availability for, although scarcity implies a 
high price, material may be quoted at an apparently reasonable price 
but for delivery many weeks or months after it is needed. The 
necessity for proofing against borers, rot or fire may appreciably 
increase the cost. The problems of the constructor include ease 
of working, stability of dimensions, freedom from warping and 
handling weight. 

With so many variables to consider, it is evident that each prob- 
lem of choice must be dealt with on its own merits. In countries 
where timber is available in great quantity, it may be used with 
advantage such as in the closely piled timber wharves found in the 
American continent and in Australia. In other parts of the world, 
such as North Africa, its scarcity would justify the use of materials 
which anywhere else would be uneconomic. Similarly, the inci- 
dence of marine borers varies, not only from port to port, but even, 
in many cases, within the port area itself. This is often the case 
where large quantities of fresh water flow into estuaries, in such 
cases a definite halting point may be found above which varieties of 
timber prone to borer attack may be used. 

A very great number of timbers suitable for different uses in 
dock and harbour works are available in different parts of the 
world. Some of these, although economic for local use, have not 
sufficient advantages to justify the cost of transport to other parts 
of the world. The omission of such timbers from any general list 
does not therefore mean that they are not adequate for the pur- 
poses to which they are put locally. Other timbers, however, have 
such outstanding qualities that they are in demand throughout 
the world, especially some of those which possess special qualities 
such as greenheart, jarrah or teak. 

It is for this reason that it is necessary for the dock and harbour 
engineer to have a sound general knowledge of the properties and 
characteristics of the main varieties of timber. This can only be 
satisfactorily based on a study of the growth of timber, its classi- 
fication and distribution. 
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It is common knowledge that timber is divided into the so-called 
softwoods and hardwoods, the softwoods being the product of 
coniferous or needle-leaved trees, generally evergreen. The hard- 
woods belong to the class of broad-leaved or deciduous trees. 
However, the terms soft and hard are not to be taken too literally 
as some so-called hardwoods are much softer than the timber 
from many trees of the coniferous group. 

Another important difference in timber is that of grain, this may 
vary from the long-fibred straight grain of greenheart to the inter- 
locked fibres of jarrah and elm. Such differences in grain contri- 
bute to the different physical characteristics of timbers, the 
great strength in bending of greenheart being offset by its 
liability to split, while the interlocked and multi-directional 
grain of jarrah although free from splitting, is liable to fracture 
through cross grain. 

Before referring to some of the uses in which timber is still em- 
ployed competitively with other materials, the most generally use- 
ful timbers may be described. The softwoods fall into three varie- 
ties, the largest group being that best known under its botanical 
name of Pinus sylvestris. This includes the varieties known as 
Scots fir, northern pine, red deal, yellow deal, Memel fir, Polish fir, 
Swedish pine or fir, Baltic redwood. Although of the same botani- 
cal family, the timber varies slightly according to its place of origin. 
It is usually a creamy white in colour, tinged slightly with red in the 
heartwood. It is even and straight in grain, tough, elastic and 
usually has only small knots. At one time it was obtainable in 
large logs of any quantity but is now usually imported sawn into 
smaller sections. As Baltic redwood, it has for over a century 
been used for railway sleepers, this being largely due to its affinity 
for creosote. Good creosoted sleepers of this timber could be relied 
on for a life of 20 to 40 years. 

Since the large timbers from the Baltic have become less easy 
to obtain, their place has largely been taken by Douglas fir 
Pseudotsuga taxifolia, the “ maid of all work ” of engineering tim- 
bers. Also known as Columbian pine and Oregon pine, it comes 
mainly from the north-west coast of the American continent. It is 
reasonably strong for its weight, uniform in its physical properties 
and obtainable in large sizes. It is, however, difficult to impreg- 
nate with creosote or other preservatives and this is only partially 
overcome by the process of incising. 

Pitch pine (Pinus palustris and other species) has enjoyed a high 
reputation for harbour work for over a century. It is more resis- 
tant to natural decay and borer attack than Douglas fir, but like 
that timber, is resistant to creosote. For some years it has been 
very scarce, but more supplies appear to be coming on the market. 

The hardwoods suitable for dock and harbour work are available 
in a greater number of varieties. The most useful among them is, 
of course, greenheart (Ocotea rodiaei), a product of British Guiana, 
where it grows in forests of mixed timber on the terraces of the 
Essequibo River. The useful properties of greenheart for marine 
work have been known for nearly two centuries and during that 
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Timber in Harbour and Dock Engineering—continued 


time, the demand for it has steadily increased. It is a timber of 
great strength and resilience, although it has a tendency to split, 
so that both in storage and use it must be banded or cross bolted 
to combat this defect. Greenheart is highly resistant to rot and 
marine borers, but precautions should be taken to protect pile tops 
and other cross sections exposed to wet, as greenheart may rot in 














Built 1956. 


Jetty of greenheart construction with jarrah decking. 


the heart, a fault it shares with many other tropical hardwoods of 
equal utility. It weighs up to 70 Ibs. per cubic foot, so that it 
must be transported to site by means other than its own flotation. 
Examples of greenheart may be found in maritime works which 
have remained in good condition for 60 years and upwards. 

Jarrah (Eucalyptus marginata) is aonther hardwood of great 
use in harbour works. ‘It is a native of Australia where it grows 
in trees of great size, up to 150-ft. high and 10-ft. in diameter. As 
it is cut from such great logs the grain may be at an appreciable 
angle to the centre line of the timber and this must be allowed for 
in strength calculations. Jarrah is not only highly resistant to rot 
and substantially so to marine borers, but is one of the most fire- 
resistant timbers available. A similar timber, Karri (Eucalyptus 
diversicolor) is difficult to distinguish from Jarrah but does not 
possess the rot resistance of that timber. In other respects it 
appears to be equal. 

Turpentine (Syncarpia laurifolia) has been used in its native 
Australia for many years as piling for wharves. (dt is used for this 
purpose in the round form, as its resistance to marine borers is 
attributed to a layer of oleo-resin between the bark and the timber 
proper. If this is so, care must be taken to preserve the bark intact. 
For strength, turpentine comes midway between greenheart and 
Douglas fir; it is another rot-resistant timber. Brushbox (Tristania 
conferta) is a substitute timber similar to turpentine but of less 
resistance to natural attack. 

Teak (Tectona grandis) is in high repute in respect of all the 
properties required of structural timbers. Its price, however, rules 
out the use of this timber in dock and harbour works where large 
sizes and quantities are required. Pyinkado (Xylia dolabriformis) a 
Burmese timber, is probably of greater use in civil engineering than 
teak. It possesses great powers of survival against marine borers 
and rot, except heart rot. Some pyinkado fender timbers at South- 
ampton were removed after 25 years, completely unaffected by the 
aggressive local gribble attack, cut up for bridge decking and have 
since given 10 years further life with the prospect of many more. 

Of the African timbers, Ekki (Lophira alata) appears to offer the 
best prospects of future usefulness in harbour works. It has many 
other names, such as red ironwood and bongossi. It has many of 
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the characteristics of jarrah and, like that timber, is liable to cross 
grain. In this, it is similar to Iroko (Chlorophora excelsa) which, 
however, is much lighter in weight, i.e. about 41 Ibs. per cubic foot 
compared with the 60-70 lbs. per square foot of ekki. 

The European timbers of greatest use in maritime works are oak 
(Quercus) and elm (Ulmus). These have been used in Europe for 
such purposes from the earliest times and still have many uses to- 
day. A disadvantage of the home grown hardwoods is their 
short life in waters infested with marine borers of any species. 

The importance of timber to the harbour engineer in particu- 
lar, lies in the comparatively simple equipment and processes 
needed in its conversion to structures of all kinds. The traditional 
trades of the carpenter and shipwright, with their easily portable 
tools, may be utilised without difficulty of transport at sites remote 
from the central workshops, while the great majority of timbers also 
are comparatively easy to transport to site. Furthermore, where 
the application of power tools is practicable, the use of timber for 
construction can be far more expeditious than in any other mater- 
ials. This is exemplified by the great use of timber for temporary 
works of all kinds, in which speed and economy of execution are 
of great importance. 

Although timber may have to face keener competition with steel 
and reinforced concrete when works of considerable magnitude are 
planned by large port authorities, as the size of the undertaking 
becomes smaller and the works comparatively limited in scope, so 
timber assumes a greater importance. Timber construction is there- 
fore of particular value for smaller port undertakings and for the 
smaller works of larger authorities. 


Sea Defences 
Timber may be used for sea defence work in the form of sheet 
piling or horizontal sheeting supported by king piles, both of these 











Constructed 1897,. original 
Photographed 1960. 


Guide dolphin for motor landing stage. 
greenheart piles. 


types being either vertical or battered. By far the greatest use of 
timber in sea defence is, however, in the form of groynes. It has 
been used for all these purposes for many hundreds of years and, 
until recent times, timber of local growth has been used for the pur- 
pose, probably without much regard for the suitability of the 
species. 

For defence works in the form of sheeting, the criteria applicable 
for timber structures in sea water apply in general, but in the case 
of groynes, other factors arise which greatly affect the choice of 
material. If consideration is given to the function of a groyne, i.e. 
to prevent erosion by wave action, to limit the effect of littoral drift 
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Timber in Harbour and Dock Engineering —continued 


and, by maintaining beach levels, to prevent flooding of low-lying 
areas on the landward side of the beach, it will be appreciated that 
in performing this function, a groyne is subject to considerable 
abrasion by the beach material. This abrasion can do serious 
damage to whatever material is used for the groyne, and both steel 
and concrete have been found to suffer serious loss of section from 
this cause. For instance, one long training wall in the South of 
England, constructed about 20 years ago of heavy copper steel 
sheet piling, has been so damaged by the combined effect of abra- 
sion and corrosion, that a substantial strengthening has already 
become necessary, although the expected life of the copper steel 
piling was 60 to 80 years. In a similar manner, the reinforcement 
of reinforced concrete may be exposed in a few years and complete 
failure will then rapidly follow. 

In these circumstances, timber can usually prove to be not only 
the most convenient material, but also the most economical. Care 
must be taken to choose timbers which are not only suitable for 
general marine conditions but which also possess the properiy of 
resilience. Mere hardness is not sufficient, in general, the timbers 
possessing the qualities of toughness which give the carpenter 
trouble in working are probably those which best resist the abrasive 
action of wave-borne shingle. 

Among the timbers found most satisfactory for groynes are jarrah, 
greenheart, pyinkado, ekki, opepe and pitch pine of the imported 
timbers and elm, oak and beech of the home grown in Britain. All 
these timbers are suitable for the horizontal sheeting in the absence 
of marine borers, but where such attack is likely, resistant timbers 
should be used. The piling is best done in greenheart or jarrah, 
with pitch pine as an alternative. Timbers requiring creosote or 
other preservative are not suitable as abrasion will soon remove the 
impregnated outer layer. 























Approach jetty for floating pontoon at Hamble. Constructed of 
greenheart with jarrah decking. Erected 1959. 


The exposed tops of piles where subject to abrasion at or above 
beach level can with advantage be protected by renewable layers 
of timber sheathing which at small expense would protect the main 
timber. 


Navigational Aids 


From time immemorial the mariner has been assisted in his 
problem of entering and leaving ports through more or less tortuous 
channels by knowledge of the position of the under-water contours 
in relation to visibile objects. If fixed objects of an easily recog- 
nizable nature are not to be found in suitable alignment or positions, 
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artificial marks are provided. 

A very ancient form of navigational aid is in boomage, that is, 
a series of vertical poles known as booms or perches driven into the 
sea bed at the channel edges. These are used to the present day 
in a great number of creeks and harbours and are in almost every 
case made of wood. They vary from rough tree branches in little 

















Bridge deck laid with pyinkado cut from timber used as fenders for 


25 years. Used as deck 10 years. 
used channels to substantial greenheart piles topped with marks 
indicating the side of the channel. 

Where the traffic is heavy and the vessels using the channel are 
of substantial tonnage, the single pile often becomes a dolphin of 
three or more piles, usually of timber. In important positions, 
such dolphins may be decked over and provided with a distinctive 
topmark and perhaps a light. 

Shore marks frequently provide a supplement or alternative aid 
to the navigator, these must be easy to recognise. They are there- 
fore of distinctive shape and colour, placed high enough to be clear 
of surrounding objects and often lighted. Timber is an economical 
material, not only for the marks themselves, but also for the masts 
or towers on which they stand. An experimental tower 60-ft. high 
has been standing on the Solent beach near Lepe since 1948. It 
marks the boundary of the harbour and is built of Douglas fir, 
incised and celcurised. The whole tower was built in a horizontal 
position, stripped down for impregnating, transported piece small 
to the site and there erected on a concrete base using galvanised 
bolts and claw type timber connectors at all joints. The base has 
subsequently been strengthened after erosion of the beach, but the 
prefabricated tower has needed no maintenance whatever. 


Wharves and Piers 


The convenience of bringing ships alongside a horizontal plat- 
form on which goods may be transferred to packhorses, wagons or 
other means of transport has been recognised for many centuries. 
It is probable that timber and stone have both been used for con- 
structing wharves and piers since very early times. The permanence 
of stone would be to some extent offset by the convenience of 
timber, in spite of the effect of marine borer attack on unsuitable 
varieties of timber in piling and other structural members within the 
tidal range. Although the life of a piled wharf or pier might be 
short, material and labour were cheap and it must have been quite 
normal for such structures to be renewed throughout every three to 
five years. 

With increasing sizes of ships, timber sizes in wharf structures 
increased and therefore the size of the structural members, It was 
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therefore fortunate that the discovery of more resistant timbers, for 
use at first, in the ships themselves and later, in wharf structures, 
came at a time when a great expansion of dock and harbour facili- 
ties was under way. The early 19th century brought a great increase 
in the use of hardwood and softwood timber from overseas sources 
and during that period much practical experience was gained in its 
use for wharf and pier construction. 

In terms of present day costs, timber appears to be very favour- 
ably placed in relationship to other materials of construction for 
wharves and piers and it is safe to say that with modern techniques 
of design and construction it is still keenly competitive both for new 
work and maintenance costs on all but the largest constructions. 

Present day methods of augmenting bolted fastenings with shear 
plates and rings ensure that the original shape of the structure is 
maintained, even under repeated impact loading due to the move- 
ment of ships while berthing and lying alongside in rough weather. 
Although the necessary degree of rigidity may be provided in the 
main construction, a sufficient spring may be obtained at the berth- 














Jarrah fender timbers after 30 years. 


ing face by the use of fenders in the form of greenheart piling. 

Timber is also used in great quantities for decking piers built, 
not only of the same material, but of iron, steel, and even reinforced 
concrete. This application is particularly noticeable in the case 
of seaside promenade piers at pleasure resorts, on which the public 
prefers to feel the spring of a wooden deck to the unyielding rigid- 
ity of, say, concrete. 

The use of appropriate varieties of hardwood for decking can 
reduce to zero any prospect of a fire risk due to the use of timber 
for that purpose. This was demonstrated in 1940 when a number 
of incendiary bombs melted through the joints of a jarrah deck at 
Southampton without charring more than }-in. deep, the 4-in. by 
24-in. planks. 

The same advantages apply to such timbers when used for deck- 
ing on pontoon landing stages and for bridge or gangway decks. 


Sheds and Warehouses 


The transfer of goods through a port cannot always be achieved 
in a steady flow. Land transport cannot always cope with the great 
quantities of cargo rapidly unloaded from a ship; goods may have 
to be sorted for different destinations; the import of goods may be 
seasonal and storage at the quayside may be found convenient and 
economical. 

For these and many other reasons, most ports are provided with 
sheds for short term shelter of goods and warehouses for their 
storage over longer periods. As such buildings are intended to 
maintain goods in their best condition, they must include certain 
essential requirements such as security against weather, fire and 
theft. They must have the maximum amount of unobstructed in- 
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ternal space to allow for the assembly and removal of stocks in the 
shortest time with a minimum of labour. Freedom from excess of 
heat, humidity and cold are also very desirable in the case of perish- 
able cargoes. It is also obvious that the cost of the building must 
bear an important relationship to the cost of storage. 

During the long history of dock sheds and warehouses, timber 
has always been an important material in their construction. Many 
sheds have been built using it as the principal material and, in 
countries abundant in timber, this is bound to continue, to the 
advantage of the users in many ways, timber fulfilling most of the 
requirements outlined above. 

The fire risk of timber buildings can be, and usually is, greatly 
exaggerated. It is not sufficiently appreciated that although timber 
will burn, it is highly fire resistant in the sections generally adopted 
for timber structures and will retain its strength for a much longer 
time than, say, steel or aluminium. Timber roof trusses will func- 
tion even if charred by severe fire conditions, in fact, a warehouse 
in Southampton having pitch pine trusses of 50-ft. span suffered 
charring only to the extent of }-in. after half-an-hour exposure to 
a serious fire involving contents which included cooking fat and 
cattle food. The char was cleaned off and the trusses remained 


* until the building was entirely destroyed by high explosive three 


years later. But for this, it would have been as good today. 
Another warehouse, built in 1866, having six floors and now used 
as a factory for upholstered furniture, has recently survived two 
serious fires without major damage to the timber floors, doors, or 
windows. 

The low thermal conductivity of timber not only offers these 
properties of fire resistance, but assists in the maintenance of equa- 
able conditions of temperature and humidity within the building. 
As a building material timber offers the advantage of ease of main- 
tenance and, if necessary, alteration by craftsmen in a traditional 
trade. 


The Future Use of Timber in Docks and Harbours 


A review of the past and present uses of timber in dock and 
harbour engineering leads to the inevitable conclusion that, what- 
ever new materials may be introduced and new methods found for 
applying existing alternatives to timber, the forests of the world 
will still provide an important source of material for martime 
works. The great inroads on these forests necessitate two import- 
ant requirements; first, that all forest products shall be used with- 
out waste, and second, that replanting is undertaken on such a 
scale as will guarantee proper supplies for our descendants. 

Waste may be avoided by the choice of a timber most suitable 
for the work, by careful design based on tests and strength classifi- 
cation, and by the use of the rapidly developing art of timber 
engineering. New methods of protection against fire, rot and insect 
pests will undoubtedly be found, thus extending the life of timbers 
already established and enabling varieties, not otherwise suitable, 
to be utilised. 

Modern gluing techniques are advancing so rapidly that it is 
possible to foresee a great extension in the art of fabricating shapes 
in timber which will reduce or even eliminate other forms of fasten- 
ing. It may, for instance, eventually be possible to sheath a non- 
resistant timber in a layer of more resistant wood against marine 
borers. Gluing by new methods will simplify the problem of 
scarfing heavy timbers for piling or wharf construction. 

All these advances will depend on a steady supply of scientists, 
engineers and craftsmen who are well versed in timber and its 
potentialities. There is little doubt that the great engineering insti- 
tutions, the various trade and other research organizations, the uni- 
versities and technical colleges are aware of this. It may be antici- 
pated that with their co-operation, timber will continue to play an 
important part in the construction of docks and harbours. 


The Dock & Harbour Authority 


Timber Construction for Wide-span 


Transit and Storage Buildings 





By J. H. JAAP, A.M.(S.A.)ILC.E., A.M.L.Struct.E., M.R.S.H. 





Introduction 


The traffic of a port is concerned mainly with the passage of 
people and goods and shore accommodation must be provided for 
their protection from the elements during the period they are in 
transit or, in the case of goods, are held in storage. In the case 
of passengers, this may also include buildings providing services 
or amenities, such as Customs clearing stations, routing offices, 
restaurants and the like, and these buildings would require 
medium or large spans depending upon the particular requirement 
or service and upon the amount of passenger traffic dealt with at 
one time. 

In the case of goods these can be either packaged goods or bulk 
materials such as ore, grain or fertilisers, and the various types 
present different problems with regard to handling, this often 
determining the type of building to be used. 

Generally, however, some particular type of conventional 
trussed roof, portal or arch building will be employed and the 
various types, their suitable application and economic range are 
discussed in this article on the basis that timber is employed as 
the structural material. 


1. The Pitched or Flat Roofed Shed 


Where this type is employed, the first reijuirement is usually 
economy, and appearance, internal or external, is a secondary and 
often unimportant requirement. 

The commonest form is the pitched ridged roof, the pitch being 
the lowest possible which will allow watertightness of the roof 
covering. However, it should be borne in mind that a low pitch 
can mean a heavier roof truss and any saving in the area of the 
roof slopes requiring covering may be offset by the extra cost of 
the supporting trusswork. 

For span ranges of 20-ft. to 50-ft., a pitch of 20 to 25 degrees 
will usually produce the most economic roof, and the form of 
truss employed will be of the Belgian, French or Pratt type, 
mounted either upon continuous brick side walls or upon 
columns carrying side rails and some form of inexpensive 
covering. 

The placement of the purlins on the truss at the joints of the 
web members with the rafters means that all loads are applied 
directly at these node points of the truss frame and thus produce 
only direct compressive or tensile forces in the members of the 
truss, i.e. the truss is made up of simple struts and ties. 

Were the purlins, due to spacing requirements to suit the speci- 
fied roof covering, to be so placed that they occurred between the 
node points of the truss rafters, the rafters would be subjected 
to local bending as they now act as beams in addition to their 
function as compression members of the truss. Their size is, 
in consequence, increased. 

Ideally, therefore, node points should occur under each purlin 
in order to eliminate this local bending and this is arranged by 
the designer in the case of spans up to 40-ft. For larger spans, 
this requirement would result in a truss appearing over-burdened 
with secondary web members and would also entail high fabrica- 
tion costs due to the large number of joints in the truss. Over 
40-ft. span, therefore, it becomes economically desirable to space 
the node points farther apart and allow “in-between” purlins 
to place the rafters into local bending, the increased rafter size 
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being compensated by the fewer joints and also by the greater 
surface area provided at joints in which to place the required 
number of bolts and connectors. 

Generally, timber trusses employ metal connectors of various 
types for transmitting loads between members at joints of the 
truss, these taking the following forms. 

(a) 2-in. and 24-in. round and square toothed ring connectors, 
embedded in adjacent timbers by the drawing together of 
the joint. In the double-sided type, the load is trans- 
ferred directly from timber to timber through the connec- 
tor, the bolt being only a stitching bolt nominally, although 
it does have some load carrying capacity when “ joint bed- 
ding” takes place. In the single-sided type, used back 
to back, and bearing on the barrel of the bolt, the load is 
transferred from connector to connector through the bolt. 
This latter type is widely used for demountable or portable 
buildings, or for transfer of load between a timber member 
and a steel gusset. 





Typical kneebraced trussed construction for sheds. 


(b) 23-in. and 4-in. round shear plate connectors, embedded in 
a pre-cut circular groove in the timber and used to trans- 
mit load between timber member and steel gusset, via the 
bolt. 

(c) 24-in. and 4-in. round split-ring connectors, embedded in 
pre-cut grooves in each of the timbers joined, transmitting 
load directly from timber to timber, the bolt being only 
a stitching bolt. 

The type of connector to be used is decided by the designer on 
the basis of the loads to be transmitted and the number of con- 
nectors possible in the area of the joint. Connectored joints 
permit site fabrication of trusses with resulting lowered cost. 

Animal glues and synthetic resin adhesives may also be em- 
ployed in truss joints for direct gluing of member to member, but 
this entails manufacture in a controlled workshop, due to require- 
ments of machined surfaces, temperature control, clamping pres- 
sure and curing period. Careful control of the moisture content 
of the timber during fabrication is also essential to prevent sub- 
sequent movement of the timber due to drying out, which may set 
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Wide-span Storage Buildings—continued 


up failure of the glue-line. Glued joint trusses, however, are not 
subject to mechanical “ load-slip” at joints as is the case with 
connectored trusses, and their resulting deflection is consequently 
due only to the elastic deformation of members under their loads, 
with the result that they are stiffer. The type of adhesive to be 
used will depend upon the service conditions encountered by the 
structure. 

Generally speaking, it is more economical to use a truss which 
will span the full required width of the building rather than to 
employ a series of 2 or more smaller spans. In the latter case, 
although the trusses may be lighter and their total cost less than 
that of the full-span single truss, the cost of the additional inter- 
nal columns, foundations, valley beams, valley gutters, down- 
pipes, sumps and drains will more than off-set the saving, and the 
internal columns may interfere with the service function of the 
building to a considerable degree, or prevent its future diversion 
to a use requiring a floor space free of all obstructions. 

Maintenance costs would also be higher, although these costs 
are usually negligible in timber construction, particularly where 





TABLE 1 
Roof Trusses and Kneebraced Frames 
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the timber has been properly treated; generally, the only items 
likely to require careful maintenance are the steel bolts and 
washers where these are exposed to the atmosphere. 

Economy will again depend upon the spacing of the trusses, 
which also affects the size of purlins. Purlins require little fabri- 
cation compared with that required for trusses and an increase 
in the size of purlins due to wide spacing of the trusses can be 
offset by the labour costs saved in making fewer, but heavier, 
trusses. Fewer trusses also means fewer columns and less 
foundation work, and a further reduction in these can be made 
by employing eaves beams or girders to carry alternative trusses 
between columns, although the cost of the eaves girders is likely 
to offset any saving in columns and foundations. 

Experience has proved that certain truss spacings are economic 
for certain spans and types of roof truss, and suitable recom- 
mended spacings are quoted in Table No. 1. 

For span ranges of 50-ft. to 200-ft., the bowstring or tied-arch 
truss is much cheaper than the sloping rafter constant-pitch types. 
These bowstrings employ glued-laminated curved upper chords 
and solid or laminated straight bottom chords. The web mem- 
bers handle little load and are generally light in section; the truss 
presents a very graceful appearance. Spacings of 15-ft. to 20-ft. 
are employed. 

The roof covering is, of course, curved to the shape of the top 
chord and in the case of corrugated types of roof coverings the 
ordinary straight sheets will require to be curved and this entails 
some additional cost in the roof covering, probably of the order 
of about 20%. However, tongued and grooved boarding could 
be used, which will curve naturally when laid, with a covering of 
mineral-based felt. With corrugated roof coverings it is usually 
necessary to increase the size of the laps and bed these in mastic 
where low variable pitches are entailed, such as occur in an 
arched roof. 

Timber bowstring trusses of 110-ft. span have been erected by 
the Bradford Dyers’ Association to the design of the Timber 
Development Association and one of 180-ft. span has been 
designed for the British Transport Commission by Mr. Simon 
Woolf, B.Sc.(Eng.), A.M.I.Struct.E., M.R.S.H. in collaboration 
with the T.D.A., although this has not yet been constructed. 

Where low pitches of 5 to 10 degrees are required, Warren 
girder trusses and Mansard trusses are usually used in the span 
range of 50-ft. to 80-ft. and can be spaced economically at 12-ft. to 
15-ft. centres. Here again consideration should be given to the 
watertightness of the simpler forms of roof covering. 

For pitches of 5 degrees down to flat roofs, simple post and 
girder construction is economical and can range through the fol- 
lowing types: 

(a) Simple roof joists on posts for small spans. 

(b) Glued plywood I or box beams on columns for medium 

spans. 

(c) Glued-laminated beams on columns for small and medium 
spans. 

(d) Diagonally-boarded web girders with solid or laminated 
booms (nailed to web) on columns for medium and large 
spans. 

Where types (c) and (d) are employed, fabrication should be 
carried out at the workshops of a specialist manufacturer or, 
alternatively, in a special site workshop under controlled con- 
ditions of temperature and expert supervision. 

These flat or almost flat roofs can employ a variety of roof 
coverings such as strawboard or woodwool slabs with felt, 
asbestos or steel troughing, glued plywood stressed-skin panels 
with felt, boards and felt on purlins, etc. 

Generally speaking, the boarded-web and glued plywood girders 
are both more economical than the glued-laminated beam for 
spans of between 10-ft. and 40-ft., and for spans between 40-ft. 


The Dock & Harbour Authority 
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Wide-span Storage Buildings—continued 


ind 70-ft. the boarded-web girder and glued-laminated beam are 
bout equal provided the shape of cross-section and use of low- 
‘rade core material are employed in the design of the latter type. 
Over 70-ft. span the boarded-web girder can compete favourably 
with the simple truss. 

It is often the case that the type of roof structure to be used 

will be dictated by specified requirements covering such con- 
iderations as natural lighting, ventilation, access for mobile 
handling equipment, internal headroom and floor clearance, over- 
head handling equipment such as cranes or conveyors, severe 
chemical or atmospheric conditions, unusua! conditions of fire 
hazard, and so on. 

These are usually considered either singly or together as the 
case may be and a solution arrived at which will satisfy all likely 
combinations. 

For instance, if a high degree of indirect natural lighting is 
desirable, the shed could employ a northlight, or sawtooth, type 
of roof, using a system of constant depth roof girders spaced at 
30-ft. to 40-ft. centres and spanning across the building. Between 
these girders and sloping down at 20 to 25 degrees pitch would be 
placed either monopitch trusses or propped beams which carry 
the purlins and roof sheeting. The glazing is placed vertically on 
the exposed face of each roof girder and stormwater is collected 
from glazing and sheeting into a series of valley gutters running 
along the bottoms of the roof girders. This type of roof can be 
achieved more economically, however, by the use of circular seg- 
mental timber shells which have a high thermal insulation value, 
require only a felt covering and entail practically no maintenance. 

The employment of overhead travelling cranes in timber sheds 
is practicable and takes full advantage of the resilience of timber 
and its capacity to withstand shock loads. Careful consideration 
must be given to the “creep” factor of timber under sustained 
conditions of dead loading and due allowance made to prevent 
any disturbance of the level of the crane rails in service. The 
use of glued construction is not recommended for crane gantry 
girders at this stage of development due to lack of knowledge of 
the behaviour of normally satisfactory glue lines under repetitive 
or cyclic loading, particularly moving loads with their production 
of high local stresses under the load point. 

Chemical and atmospheric conditions can be dealt with by 
employing a suitable preservative or sealer, or by selecting a par- 
ticular species of timber possessing high qualities of resistance. 
Improved fire resistance can be achieved by retardant treatment 
which reduces the spread of flame characteristics, by selection of 
species, and by increase of cross-section of member. The bases 
of timber columns should be kept 6-in. above floor level to keep 
the column free of moisture, particularly in the end grain. 


2. The Arched or Portal Building 
The arch is one of the oldest structural forms in existence and 











Framed timber cantilever portals for a storage shed. 
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Warren girder trusses and eaves girders on timber columns. 


was the only method of achieving a fair span known to engineers 
of earlier days. The true circular, parabolic or elliptical arch, 
loaded from above or below by a uniformly distributed load, came 
into simple compression with some bending effect due to shape 
or unequal load application, this latter being of a comparatively 
minor nature. Generally, where the arch is employed in a build- 
ing as distinct from a bridge the loading is more or less uniform 
and the arch is mainly in compression. It is, therefore, of small 
cross section and presents a graceful appearance; the bowstring 
truss demonstrates the economy of this structural form. 

The arch can be of shallow rise or high rise; the low rise arch 
would apply to the building of one storey such as the goods 
storage shed or the passenger building of one-storey form. In 
the case of the passenger building of two-storey type, employing 
a mezzanine floor housing restaurants and offices, with the ground 
floor devoted to passenger flow, the high-rise arch would supply 
the required internal volume and at the same time present a most 
pleasing, internal appearance; it is also applicable to the one- 
storey bulk materials storage shed. 

Such true arches would be constructed either as curved framed 
truss arches with either glued or connectored joints, or as glued- 
laminated arches (of solid or box or I section) the latter being the 
most likely type. 

The span range has no boundaries since almost any cross- 
section and span can be achieved by glued-lamination, subject to 
the limitations of handling, transport and erection. This type 
of construction, being subject to specialist manufacture, is some- 
what expensive so far as the individual arch component is con- 
cerned but is competitive overall in the building incorporating a 
span of 50-ft. or more. 

The rise of the arch has a bearing upon its cost and has been 
established at about one-eighth of the span. Spacings are gener- 
ally about 15-ft. to 20-ft. where a self-spanning form of roof 
decking is employed, and about 12-ft. to 15-ft. where a purlin 
system is employed. 

Arches, for erection reasons, are usually of the 3-pin type, em- 
ploying pin-joints at the springings and the crown. 

The true arch can also be employed, in conjunction with ring 
beams, to construct domed buildings of circular shape in plan, 
and a span of over 300-ft. has been constructed in this form in 
America. 

The type of arch most widely employed, however, is the portal 
type, either on the 2-pin or 3-pin basis and several forms of con- 
struction can be applied to this such as framed, boarded-web, 
glued plywood box beams or glued-laminated. 

For spans of 20-ft. to 40-ft., the glued plywood type is econ- 
omical, for 30-ft. to 60-ft. the boarded-web and glued-laminated 
types are competitive, and for 50-ft. and over the boarded-web 
and framed types are best selected. 

For all arches, spacings are usually determined by the spans 
obtainable from simple purlins and range between 12-ft. and 18-ft 
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Wide-span Storage Buildings—continued 


depending upon the span of the arch. For the large spans of 
80-ft. or over, consideration can be given to the employment of 
special built-up purlins, say single plywood web beams, or self- 
spanning decking, to enable spacing of portals to open out to 
20-ft. or 25-ft. 

The portal building permits excellent clearance not only at 
mid-span of the building but also at the sides, and since it em- 
ploys straight roof slopes the roof covering is economical. The 
vertical sides arising from the verticality of the legs of the portals 
allows the use of brick side walls to eaves height, or the more 
economical and variable cladding obtainable by the use of curtain 
walling. Side canopies can be easily incorporated and can assist 
in presenting a most attractive external appearance. 

Incorporation of continuous or isolated monitors, either at the 
crown or on the roof slopes, is a simple matter if desired for 
glazing or ventilation reasons, and any desired roof pitch is 
possible. 

In the glued-laminated types, the portal is made up of hori- 
zontal laminations glued together, each generally of ?-in. thick- 
ness. As there is a certain minimum radius (generally about 125 
to 130 times the lamination thickness) to which the laminations 
can be naturally bent without overstress, this type usually has 
a radial curvature on the inner and outer surfaces, and on the 
outer surface the sharp corner or knee is usually filled in by 
building-up in order to support the eaves purlin, eaves beam and 
gutter. During construction, the laminations are carried some- 
what beyond the point at which they emerge beyond the line of 
the finished profile, before they are stopped, the unfinished com- 
ponent showing laminations stopping-off by steps. Subsequently, 
the component is carefully machined to the desired profile and 
the side surfaces are dressed to remove inequalities in width and 
excess glue. The natural appearance of the timber can be pre- 
served by employing a clear finish, or it can be stained or painted 
any desired colour. 

















Bowstring roof trusses of 130-ft. span with storage in roof space. 


One of the advantages of the glued-laminated portal is that 
full continuity can be achieved at the knee (or eaves) of the portal 
where the greatest bending moments and shears usually occur. 

In the glued plywood type of construction the cross-section 
may be either of the I type or the box type; in the former the web 
is a single plywood component and the solid or laminated top 
and bottom chords are glued on either side of this plywood web. 
In the box type the plywood webs are placed on the outside, the 
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top and bottom chords being placed internally between these out- 
side web skins which in turn also act as facings for the portal and 
present an attractive and smooth appearance. 

In plywood portal construction there is usually some difficulty 
in achieving effective continuity at the knee, particularly on the 
upper chord which is in tension, and as a result the efficient span 
range of the plywood portal is limited to an upper dimension of 
about 40-ft. span. Continuity in the booms and in the plywood 
webs is achieved at points of shop jointing by means of glued 
scarf joints with a bevel not steeper than | in 12 as is also the 
case in shop splices in the laminations of glued laminated portals. 

















High-rise arches in glued laminated timber. 


Where additional plywood webs are required at points of maxi- 
mum shear such as the knee, this is easily achieved by the inser- 
tion of additional plywood webs, either internally or externally. 

In portals employing boarded web construction, the web is 
usually formed of two layers of diagonal tongued and grooved 
boarding placed at 45 degrees one to the other. The top and 
bottom chords of the cross section can be of either solid or 
laminated construction, depending upon design requirements, 
and are nailed to the boarded webs in a nailing pattern deter- 
mined by the designer to suit requirements concerning the 
amount of shear to be transmitted between the chords and the 
web. 

Where brick side walls are incorporated in the building, it is 
desirable that an air space should be left between the portal and 
the inner face of the brick wall in order to prevent moisture 
attack upon the timber. As is the case with the columns of 
simple sheds, the bases of the portal legs should be kept at least 
6-in. above the surrounding floor level and this is achieved by 
the incorporation of concrete stub plinths in the foundations. 
The portals being usually designed as 3-pinned arches, the con- 
nections at the bases of the legs and at the crown or ridge of the 
portal are of a very simple nature; the former usually consists of 
a simple welded steel box or angle cleats which are bolted down 
to the foundation and in the case of the crown hinge a secret bolt 
is usually incorporated together with a ring connector. 


3. Roof Coverings 

The type of roof covering used can have a considerable bearing 
upon the economics of the supporting roof and column construc- 
tion. The range of coverings available is extremely wide and it 
is often difficult to determine which of several particular types 
may prove not only the most suitable for practical reasons, but 
also the most economical so far as the overall cost of the building 
is concerned. 
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Wide-span Storage Buildings—continued 


Generally speaking, coverings can be divided into simple types 
consisting of metal or asbestos cement sheeting or decking types 
which are self-supporting. In the simple sheeting forms it is 
usually necessary to provide purlins upon which the sheets can 
be laid and which will support not only the weight of the sheeting 
but also the superimposed loading and transfer the total load back 
into the roof trusses, arches or portals. The spacing of the pur- 
lins is usually determined by the type of covering employed and 
can vary considerably; reference should invariably be made to the 
makers of the sheeting who will advise upon the maximum purlin 
spacings allowed. 
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Simple post and beam construction. 


These simple sheeting forms can also be translated into cavity 
types of coverings by the addition of a lower skin of sheeting, an 
air space being provided between the upper and lower skins, 
within which insulating materials can be incorporated to improve 
the overall thermal insulation of the roof. Under the Thermal 
Insulation (Industrial Buildings) Act, 1957, certain minimum 
requirements are laid down regarding the thermal insulation of 
roofs, which will, in many cases, determine the type of roof cover- 
ing to be employed. 

In the decking forms of covering, these usually consist of 
trough systems and can be in a variety of materials including 
timber. They are generally self-supporting and capable of carry- 
ing the superimposed load over a fairly considerable span and in 
certain cases purlins can be entirely dispensed with. Should 
purlins be required they can generally be fairly widely spaced 
although they would be of heavier section than for the simple 
sheeting cases. 

In the case of roofs of low pitch, due regard must be paid to 
watertightness and strict supervision on site is essential to ensure 
that the designer’s requirements in this respect are properly car- 
ried out as any leakage could result in water being trapped within 
decking systems with consequent additional imposed loading on 
the structure below. This would also be an undesirable feature 
from the point of view of the durability of the materials. 

A table has been incorporated in this article covering some of 
the more popular types of roof cladding together with an indica- 
tion of their approximate thermal heat transmittance coefficient 
(U) and also an estimate of their comparative costs on an index 
basis. These factors have been based upon consideration of a 
roof covering for one bay of a building where the trusses are 
spaced at 10-ft. centres and where the particular type of sheeting 


May, 1960 


requires purlins for its support, the cost of these purlins has then 
been allowed for in the index factor. 


4. Summary 

The problem confronting the architect and the designer is, as 
will be seen, a complex one. Apart from considerations of 
appearance and the service function of the building, due regard 
must be paid to economic factors covering spans and spacings 
of the main frames and also to the variable basic cost of the differ- 
ent types of construction. 

Experience has shown that timber is a competitive material 
in the construction of industrial sheds and storage sheds and also 
in the more elaborate public service buildings. 

The development of timber engineering since 1945 has been 
striking so far as the United Kingdom is concerned. During 
1939-1945 the timber engineering industry of Canada and the 
United States made tremendous strides in the development of 
timber structures, particularly in the glued laminated field. 

At the end of the war research in Britain was concentrated 
upon the production of domestic and industrial roof construction 
applicable to British conditions and also the production of suit- 
able Codes of Practice for the use of designers. Development is 
proceeding steadily and has resulted in the construction in Britain 
of the first timber hyperbolic paraboloid shell roof; investigation 
is also proceeding into the possible use of pre- and post-stressed 
timber beams and panels. A 50-ft. span post-stressed barrel 
vault arch composed of 4-ft. square plywood units was recently 
erected near London and its performance in service is being 
studied. 

Timber has a very wide use in the field of concrete shuttering 
and formwork and this is a use to which plywood is particularly 
adaptable as it has an extremely high strength to weight ratio. 
Many species of timbers are now available in plywood form and 
various types of finishes or veneers can be incorporated, including 
metal and plastic. 

So far as trussed frameworks composed of solid timber sections 
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Glued-plywood box beams mounted on tapered solid timber columns. 


are concerned, the sfecies of timber used is usually a softwood 
obtainable either from the American or European exporting 
countries. Hardwoods from the Commonwealth countries are 
becoming increasingly available, however, and many of these are 
excellent for ordinary structural purposes and also reasonable in 
21 
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Wide-span Storage Buildings—continued 


cost; in addition they generally possess better natural durability 
than do the softwoods, although the latter, when properly treated 
with preservative, will give excellent service. 


It may be said in conclusion that timber possesses all the quali- 
ties to be found in any other material, is economical, lends itself 
ideally to subsequent modification or alteration, is an attractive 
and natural material and is available in quantity. 


ROOF COVERINGS 


Cost index includes purlins (where these are required) based upon 10-ft. 
spacing of trusses. 


Approximate 
U value Cost index 


Type Description 

A Standard 3-in. corrugated asbestos- 
cement sheeting carried on pur- 
lins spaced at 3-ft. centres. 
Weight laid 3.08 lb./sq. ft. ins 1.40 1.03 

B As type A above plus special 
ribbed underlining sheet, with 
l-in. glass fibre insulation incor- 
porated between upper and lower 
sheets. 

Weight laid 5.77 lb./sq ft. vie 0.18 1.96 

C Standard 6-in. corrugated asbestos- 
cement sheeting carried on pur- 
lins spaced at 4-ft. 6-in. centres. 

Weight laid 3.20 Ib./sq. ft. v 1.40 1.00 

D As type C plus special ribbed 
underlining sheet with 1-in. glass 
fibre insulation incorporated be- 
tween upper and lower sheets. 
Weight laid 5.80 lb./sq. ft. 

E Asbestos-cement troughing units 
carried on purlins spaced at 
6-ft. 3-in. centres. 

Weight laid 4.75 lb./sq. ft. as 1.40 1.52 

F As type E plus special twin-ribbed 
underlining asbestos sheet and 
]-in. glass fibre insulation. 

Weight laid 7.97 lb./sq. ft. ve 0.16 2.46 

G 3-in. thick Western Red Cedar 
tongued and grooved planking, 
covered with 3-layer felt. 


0.18 1.95 


Weight laid 10.30 lb./sq. ft. 0.26 2.87 
H 3-in. thick Redwood tongued and 

grooved boarding covered with 

3-layer felt, carried on purlins 

at 2-ft. centres. 

Weight laid 3.50 lb./sq. ft. ina 0.52 1.50 


J Galvanised corrugated iron sheet- 

ing 24 gauge, carried on purlins at 

4-ft. 9-in. centres. 

Weight laid 1.50 lb./sq. ft. ‘si 1.50 1.20 
K Plastic 3-in. corrugated sheeting 

carried on purlins at 6-ft. 6-in. 

centres. 

Weight laid 0.95 lb./sq. ft sia 1.36 2.19 
‘ Aluminium 3-in. corrugated sheet- 

ing, 23 gauge, carried on purlins 

at 4-ft. 6-in. centres. 


Weight laid 0.41 Ib./sq. ft. ™ 0.80 1.25 
M Strawboard panels 2-in. thick 

covered with 3-layer felt, carried 

on purlins at 2-ft. centres. 

Weight laid 5.30 Ib./sq. ft. 0.23 1.70 
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Wood Preservation 


Treatment for Buildings 
and Marine Structures 


By Wm. E. BRUCE, M.A., F.I.W.Sc. 


Introduction 

In the booklet on Timber Preservation issued jointly by the 
British Wood Preserving Association and the Timber Development 
Association reference is made in the foreword to the fact that pre- 
servative treatment of timber should be employed under certain 
conditions of use or service and the following were considered 
typical examples: 

{a) in contact with the ground; 

(b) at or below damp-proof course level in buildings and 
structures; 

(c) wholly enclosed in brickwork, concrete or masonry; 

{d) in any situation in which adequate ventilation cannot be 
provided; 

(e) in any situation in which equilibrium moisture content of the 
timber is likely to exceed 20 per cent: 

(f) timber classified as of low durability or with a fair amount 
of sapwood, and used in circumstances in which there is rea- 
sonable doubt of service conditions in regard to temperature, 
ventilation or humidity (where there is risk of heavy con- 
densation) 

{g) in special cases in areas where fungal and insect attack is 
known to be prevalent; 

(h) where subject to attack by marine or other water-borne 
organisms. 

The principles given above provide a useful guide to the subject 

of the proper treatment of timber. 


Causes of Deterioration 


For engineers and architects concerned with structures for docks 
and harbours it is necessary to consider two differing sets of hazards 
to which timber may be exposed in use. The first set of hazards 
affects timber used in buildings above the water, the second affects 
timber used for such purposes as marine piling, fendering, groynes, 
river defence works, etc. 


Timber in Buildings 

The sapwood of timbers and to a lesser extent the heartwood of 
many timbers used in structures, are liable under certain conditions 
of moisture content of the timber, and of temperature and humidity 
of the air, to be attacked by wood destroying fungi and/or beetles. 
The present day tendency to use smaller, more highly stressed, 
structural members increases the importance of protection against 
wood destroying agencies. If a building is properly designed, 
correctly built and efficiently maintained fungal attack should not 
occur since the moisture content of the timber should not exceed 
20%, and this is generally regarded as the critical moisture content 
beyond or about which the germination of fungal spores may take 
place. Unfortunately in so many cases maintenance falls short of 
what is desirable. The principal fungi likely to attack timber in 
buildings are Merulius lacrymans (Dry Rot) which normally attacks 
softwoods but which having established itself in a softwood may 
spread to hardwoods, Coniophora cerebella (Wet Rot or cellar 
fungus) which attacks softwoods and hardwoods and certain Poria 
species attacking softwoods. Detailed information on these fungi 
is given in literature issued by the Forest Products Research 
Laboratory, the British Wood Preserving Association and the Tim- 
ber Development Association. 
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Although it is possible to detail certain conditions under which 
fungal attack may take place it is more difficult to set out the con- 
dition under which insect attack will occur. It can, however, be 
said that millions of pounds are spent annually on the curative and 
remedial treatment of timber in situ suffering from fungal or insect 
infestation. The wood boring insects which may attack timber 
are Anobium punctatum (Common Furniture Beetle) which attacks 
the sapwoods of hardwoods and softwoods and sometimes bores 
into the heartwood, Xestobium rufovillosum (Death Watch Beetle) 
which normally attacks hardwoods though softwoods are not im- 
mune from attack (both sapwood and heartwood may be attacked), 
Lyctus spp. which attack the sapwood of partially seasoned hard- 
wood timbers the pores of which are large enough to admit the ovi- 
positors of the female for egg laying and Hylotrupes bajulus (House 
Longhorn Beetle) which attacks the sapwood of softwoods. dn 
Great Britain attack by the Death Watch Beetle occurs normally in 
the area of England below a line drawn roughly from Ormskirk in 
Lancashire to Hull in Yorkshire. Attack by the House Longhorn 
Beetle is fortunately at present restricted to certain localities prin- 
cipally in south-east England. Detailed leaflets on these insects 
are available from the three organisations mentioned in the pre- 
vious paragraph. 

Should either fungal or insect attack occur in a structure large 
sums of money may have to be spent on remedial and replacement 
work, It should be remembered that it is not merely a case of 
treating certain timber in situ or purchasing replacement timber, 
for often heavy labour charges are incurred in carrying out this 
work. Therefore the engineer or architect should study carefully 
the information set out in the introduction to this article and 
consider the advisability of using pre-treated timber at the 
time of erecting a structure. Timber efficiently treated can be used 
with confidence and the small additional cost of treatment should 
be regarded as an insurance premium paid once to ensure immunity 
from fungal and insect attack during the lifetime of the building. 


Timber for Marine Work 


When timber for use in water is considered there is a different 
class of fungi which may attack it. This is commonly referred to 
as “ Soft Rot’ covering various species of Ascomycetes and Fungi 
Imperfecti. Hardwoods are particularly susceptible to attack by 
“Soft Rot’ but softwoods may also be attacked. “Soft Rot” 
occurs under permanently or recurrently damp or wet conditions 
and in the early stages is difficult to detect except by microscopic 
examination, although there is a general softening of the wood 
structure. In timbers used for marine work the area most likely 
to be attacked is that between high and low water levels. 

‘Timbers for marine work, if used in salt or brackish water, are 
also liable to attack by marine borers. The principal organisms 
are ship worm (Teredo spp.) and gribble (Limnoria spp.). For 
detailed information reference should be made to F.P.R.L. Leaflet 
No. 46, “ Marine Borers and Methods of Preserving Timber against 
their Attack ” and to B.W.P.A. 1957 Convention Record paper by 
Professor J. E. G. Raymont “ An Account of Marine Borers with 
Special Reference to Breeding.” No timbers are completely im- 
mune from attack by ship worm and gribble although the heart- 
wood of certain species has been found to offer satisfactory resis- 
tance to attack, e.g. jarrah, turpentine, ekki, okan, Basra locus and 
greenheart. 

Attack by ship worm cuccurs around the coasts of Great Britain 
south of the Clyde but mainly around the southern half of England. 
It is also found in tidal rivers. Gribble attack occurs in the waters 
all round the coasts of Great Britain. Certain authorities have 
indicated that they believe there to be a relationship between the 
incidence of “soft rot” attack and attack by gribble and that if 
protection can be given against “ soft rot” the danger of attack by 
gribble would be reduced. 
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Wood Preservation—continued 


Piling and other timbers for jetties, wharves, breakwaters, 
groynes, slipways and retaining walls has consisted for centuries 
of heavy timber. Hardwoods have been extensively used, but 
during the past seventy-five years more and more treated softwood 
has been employed by harbour authorities and engineers concerned 
with the control of coast erosion. Such softwoods are generally 
cheaper in first cost and if efficiently treated in annual cost. They 
are readily obtainable in long lengths and large cross section, need 
less maintenance, are easier to build on and around than steel or 
concrete and the structure is resilient to craft in difficulties in rough 
seas. Obviously timber for such purposes must be well impreg- 
nated with preservatives which will not be washed out of the wood. 

A beetle which does a certain amount of damage to piles and 
dock timbers is the wharf borer, Nacerdes melanura. It is common 
in the Thames estuary and in many estuaries on the south coast. 
At one period the wharf borer was believed only to occur in the 
region of the sea coast but there is now evidence that it also occurs 
in fresh water. Jt usually colonises in wet or sodden woodwork 
and on occasion is found in buildings where the wood is thoroughly 
wet. It will not occur where there is efficient building mainten- 
ance and the timber is free from fungal decay. /Half-buried barges 
and hulls should be removed from harbours and estuaries as they 
often provide ideal breeding grounds for this beetle. 


Preservatives 


Timber preservatives are usually classified as below: 


Class T.O.—Tar Oil Type Preservatives 

1. Coal Tar Creosote to B.S. 144 “ Coal Tar Creosote for the 
Preservation of Timber.” 
Coal Tar Oil Types other than Creosote complying with B.S. 
3051 “Coal Tar Oil Types of Wood Preservatives other 
than Creosote to B.S. 144.” 


N 


Class O.S.—Organic Solvent Type Preservatives 
1. Chloronaphthalenes. 
Metallic naphthenates. 
Pentachlorophenol, its derivatives and its zinc and copper 
salts. 
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Class W.B.—Waterborne Type Preservatives 

1. Copper/chrome. 

2. Copper/chrome/arsenic. 

3. Fluor/chrome/arsenate/dinitrophenol. 
Other single salts, such as borax / boric acid, sodium fluozide 
and sodium pentachlorophenate. 


> 


British Standards for Waterborne Type Preservatives W.B.1 and 
3 above are in course of preparation based on B.W.P.A. Specifica- 
tions Nos. 100 and 101 and a B.W.P.A. Specification for copper 
chrome/arsenic types is being prepared. 

Detailed information on the different types of preservatives will 

be found in: 

(a) “ Timber Preservation” published jointly by the B.W.P.A. 
and T.D.A. 

(b) British Standard 1282: 1959 “ Classification of Wood Preser- 
vatives and their methods of application.” 

(c) B.W.P.A. Leaflets 8, 9 and 10, “ The Use of Creosote Oil for 
Wood Preservation,” “ Organic Solvent Type Preservatives,” 
and “ Use of Waterborne Preservatives for Timber.” 

Information on methods of applying preservatives will be found 

in (a) and (b) above with tables of preservative treatments for speci- 
fic end uses and much useful information is also to be found in 
British Standard Code of Practice C.P. 112.100 “Preservative Treat- 
ment for Timber used in Buildings.” 
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Wood Preservation—continued 


The table at the end of this article is based on the information 
given in B.S. 1282: 1959. 


Preservation of Timber against Marine Borer Attack 


Although various methods have been suggested for preserving 
timber against attack by marine borers only two are generally con- 
sidered as providing adequate protection. The first involves cover- 
ing the surface of the timber with an inert material that prevents 
the borers gaining access to the wood, The second involves inject- 
ing the timber with a preservative poisonous to the borers. Many 
protective coverings have been tried such as copper, concrete, iron, 
steel, zinc, and muntz metal. To be effective these coatings must 
be maintained in good condition and in practice it is difficult to 
maintain metal coatings intact owing to corrosion or mechanical 
damage. 

Much experimental work has been carried out all over the world 
to determine the most effective preservatives against marine borers 
and the British Wood Preserving Association in collaboration with 
the Timber Development Association is at present carrying out a 
number of tests with a wide variety of preservatives and different 
methods of application. It is, however, too early to issue any 
reports on these tests. 

It is generally accepted that to protect timbers against marine 


borers deep impregnation is required by pressure treatment. With 
certain timbers such as Douglas fir it is customary to incise the 
timber before treatment. 

At present for the protection of timber against marine borers 
when it is to be used for marine piling, fendering, groynes, and 
river defence timbers it is customary for pressure impregnation to 
be specified with creosote or a copper/chrome or a copper/chrome/ 
arsenic formulation. The use of such preservatives is also con- 
sidered to give certain protection against attack by “ soft rot.” 

In Canada, Australia and the United States round piling is often 
used and there are certain advantages to be gained from its use, for 
round piles contain a band of sapwood which readily absorbs 
preservatives. 


Conclusions 


It is highly desirable that treated timber should be used wherever 
there is, or likely to be any danger from such timber destroying 
agents as fungi, insects or marine borers. The acceptance of timber 
preservation as an integral part of wood processing and utilisation 
is a vital factor in the continued use of wood. More detailed infor- 
mation is available from the offices of the British Wood Preserving 
Association, 6 Southampton Place, London, W.C.1 and the Timber 
Development Association Ltd., 21 College Hill, London, E.C.4. 





Type of preservative and method of application 























Group | Use of timber — 
(with typical examples) Pressure Hot and cold ; Dipping, brushing 
| impregnation tank treatment Steeping and spraying 
1 EXTERIOR TIMBER IN GROUND CONTACT : 
(a) e.g., Railway sleepers, transmission poles, land piles bi 
OS3 
WBI, WB2 
(b) e.g., Fence posts TOI, TO2 TOI, TO2 TOI, TO2 
OS3 OS2, OS3 OS2, OS3 
WBI, WB2 WBI, WB2 WBI, WB2 
2 EXTERIOR TIMBERS NOT IN GROUND CONTACT 
AND NOT PAINTED AFTER TREATMENT : | 
(a) e.g., Timbers for heavy construction, bridges, pier and jetty | TOI 
decking OS3 
WBI, WB2, WB3 
(b) e.g., Timbers for railway wagons OS3 OS2, OS3 
WBI, WB2, WB3  WBI, WB2, WB3 
(c) e.g., Fence rails and boards, gates, weather-boarding, timber | TOI TOI, TO2 TOI, TO2 TOI, TO2 
farm buildings, garages, out-houses, chicken-houses, pallets, | OS3 OS2, OS3 OS1, OS2, OS3 | OSI, OS2, OS3 
lorry bodies | WB1, WB2, WB3 | WBI, WB2, WB3 | WBI, WB2, WB3 
3 EXTERIOR TIMBERS NOT IN GROUND CONTACT, 
INTENDED TO BE PAINTED AFTER TREATMENT : 
e.g., Timbers for railway wagons and lorry bodies, sills, door OSI, OS2, OS3 | OSI, OS2, OS3 
and window frames (exposed to abnormal or persistently damp | WBI, WB2, WB3 | WBI, WB2, WB3 | WBI, WB2, WB3 | WBI, WB2, WB3 
conditions), fence rails and boards, gates, weather-boarding, WB4 WB4 
timber farm buildings, garages, out-houses, chicken-houses, 
pig-sties 
4 INTERIOR TIMBERS : 
(a) In ground contact, or subject to persistently damp conditions, | TOI TOI, TO2 
e.g., fillets in concrete, wallplates and embedded timbers, | OS3 OS2, OS3 
| refrigeration chambers, cold stores, roof timbers in dyehouses, | WB1, WB2, WB3 | WBI, WB2, WB3 
| breweries, laundries and tanneries 
(b) | Other than in Group 4(a), e.g., ground floor joists, roof or | TOI TOI, TO2 TO2 
| other timbers | OS3 OS2, OS3 OSI, OS2, OS3 
| WB1, WB2, WB3 | WBI, WB2, WB3 | WBI, WB2, WB3 
5 | TIMBERS IN CONTACT WITH FRESH OR SEAWATER : 
(a) | e.g., Packings for water cooling towers | TOI 
WBI, WB2 
(b) e.g., Marine piling, fendering, groynes, boat sheathing, and | TOI 
river defence timbers WBI, WB2 
(c) | €.8-, Structural timbers for cooling towers, bilge timbers, barge- | TOI TOI, TO2 
ceilings, and snow and duck boards OS3 OS2, OS3 
| WBI1, WB2, WB3 | WBI, WB2, WB3 
(d) | e.g., Boat and yacht timbers, other than boat sheathing (where TOI, TO2 TOI, TO2 TO2 
pressure treatment is not practicable) OS2, OS3 OS1, OS2, OS3 OSI, O82, OS3 
WBI, WB2, WB3 | WBI, WB2, WB3 | (in cases where tar, 


| 


paint or varnish is 
also applied later) 





* Experience with tar-oil preservatives for this use extends over a great many years. 
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Timbers for Marine Construction 





Review of Suitable Species and Sizes Available 





By R. P. WOODS, B.A. For. (Cantab) F.I.W.Sc. 





The main problem facing engineers today when considering 
the use of timber for piling, wharf construction, etc., is the type 
of timber for a particular purpose and the sizes in which it is 
available. The standard timbers for marine uses in the minds 
of all concerned are greenheart and pitch pine followed by 
jarrah and Douglas fir/Oregon or Columbian pine, but in this 
respect personal preference and experience may include other 
timbers. 

When supplies were plentiful in the sizes required, then no 
difficulty arose but, due to over-cutting and to excessive demands 
from other sources, the position today is more complicated. This 
can be attributed to the extension of jetties and piers out into 
deeper waters to accommodate larger vessels, particularly 
tankers. This in turn demands longer lengths of piles and unless 
there is a return to round piles in this country, then reinforced 
concrete must meet the demand. The relative merits of round 
v. square piles was discussed in the “Dock and Harbour 
Authority” September 1953, but it would appear that as yet 
little attention has been paid to this aspect. 

When specifying timber for marine use, consideration must be 
given to the presence or otherwise of destructive agencies such 
as Teredo or Limnoria in the waters. If these are present, then 
the choice rests with timbers known to have high or good resis- 
tance to them, or will require a preservative treatment to be 
applied, and this in turn will be affected by the availability in 
the size required or the use of timber which can be easily treated 
with a preservative. 


Piling 
There is a considerable variation in the sizes demanded for 
this purpose and again the critical dimension as far as timber 











The decking in 


Decking in greenheart of west arm of Royal Pier. 
the foreground is jarrah. 


is concerned is length, Specialist firms will carry normal sizes, 
such as 9-in. x 9-in., 18-in. x 18-in. and up to 40-ft. in length, but 
when lengths over this figure are required the supply position 
then becomes critical since it will involve special orders and im- 
portation. Both softwoods and hardwoods are available for this 
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purpose and Table | on the following page indicates the sizes 
which are available and can be obtained. 

Fendering piles on the other hand do not present the same 
difficulty since if necessary they can be built up to any required 
dimensions by either laminating, scarfing, butt-jointing, using 
spikes as opposed to gluing techniques. The lengths in general 











Close-up showing construction of wharf. 


vary between 28-30-ft. with a cross section from 12-in, x 3-in., 
8-in. x 6-in., 1l-in. x 3-in. and even 12-in, x 12-in. The species 
used are again dependent upon similar conditions, but when used 
in fresh water or tidal conditions where the salinity is of a low 
order the risk of infestation is not so great. This will allow a 
greater choice of timber to be used, such as oak, elm, keruing, 
iroko, afzelia, opepe, etc. Sizes will vary but even this limit- 
ation can be overcome. Resistance to abrasion is an important 
factor with this aspect of marine use, but later on in this article 
details are given of a new experiment which has recently been 
started and which may lead to interesting developments. 

The essential factors as to the reason behind abrasion 
resistance are difficult to analyse but it is possible that an inter- 
locked grain may not prove so satisfactory as one with a fine hard 
grain, such as elm compared to ekki for example. This latter 
timber appears to compress as opposed to splintering or tearing. 
Comparative tests are in progress on this very point and can be 
seen in Poole Harbour. 


Wharves and Jetties 

All those timbers mentioned for use as piles can also be utilised 
for wharves and jetties. This list is not by any means exhaustive 
because it only refers to those timbers available in this country 
There are many other timbers only used in their countries of 
origin. 

In general, wharf dnd jetty work can consist of two parts—that 
which is in the water and that above water level. This area above 
the water is favourable to the use of timber since different 
properties are involved, the chief being the freedom from attack 
by marine organisms to which, as already mentioned, piles and 
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TABLE 1 
NORMAL LENGTHS AND | NORMAL 
SPECIES USES IMPORTED SIZES ALSO | IMPORTED SUPPLY REMARKS 
SIZES AVAILABLE SIZES 
GREENHEART PILES | 
British Guiana (a) Hewn 8” x 8”/19” x 19” Up to 24” x 24” and Up to 60’ Plentiful ) Wt. 76 Ib.cu.ft. unseasoned 
up to 70’ Limited 
Limited supply to quantity 
26” x 26” to 70’ ' ; ; : 
(b) Sawn 8” x 8/14” x 14” Cut ex hewn logs up Up to 60’ Plentiful Very high resistance to marine 
| to 20” x20” and borers. Taper on hewn does not 
up to 70’ exceed 1” to 20” and surfaces 
| psufficiently flat to allow easy 
WALINGS, Etc. ox 82” Size as required | Upto 40’ Plentiful fixing of waling and planking. 
6” x6”, 4” x 12” cut ex these sizes Up to 30’ No treatment required. 
or from hewn logs Up to 40’ 
PLANKING 3” x9” Size as required Up to 30’ Plentiful 
2” x9” cut from these sizes Up to 26’ 
| or longer J 
PITCH PINE PILES 6” x 6”/20” x20” | 16’-40’ up to 50’ | Reasonable Square edged stock commensu- 
1 on special order rate to these dimensions 
JARRAH PILES 9” x9” Up to 28’ Plentiful ) Wt. 68 Ib.cu.ft. unseasoned. 
Australia 10” x 10” 
WALINGS exit Up to 28’ Plentiful High resistance to marine borers. 
6” x9” Up to 25’ Due to natural durability no 
6” x 6” — Up to 25’ creosoting or treatment required. 
xi" Up to 25’ 
4” x9” Up to 22’ 
a 
PLANKING, Etc. *xiz” Up to 25’ Plentiful 
3” x9” Up to 25’ 
3” x6” Up to 20’ 
2” x8” to 12” os Up to 23’ 
1” x 6” and 8” Up to 20’ 
og ° : ig and 4” ae 
rx Up to 20’ J 
EKKI PILES 9” «9”/14” x 14” -— Up to 30’ Limited In rather short supply and has 
W. Africa | now taken a second place to 
WALINGS oe xiz’ 3” x 6’-12” Up to 20’ Limited greenheart/jarrah due to its great 
on average hardness and difficulty to work. 
Has high resistance to marine 
PLANKING 6” x9” ax — — borers. 
6" <6" "5" 
4" x9" 1” <2"-4” J 
OPEPE PILES S” x9" /12" x12" — Up to 30’ Plentiful 
W. Africa 
WALINGS oxi2’ xs” — — _— 
PLANKING 6” x9” 23” x8” x9” Up to 27’ Plentiful 
5}” x 12” , , ya od 
a Jf gf ” x 9” 
4” i Pf - x 1912” 
4” 5” 
DOUGLAS FIR PILES 9” x9”/16" x 16” _- Up to 60’* Plentiful *Occasionally longer against 
U.S.A. special orders. 
WALINGS 6” x 12” Other sizes obtained | Up to 30’ To be incised and pressure 
6” x6” from these and — treated before use in sea water. 
4” x9” larger Up to 25’ 
3” 59” 
OKAN PILES 12” x 2° /18" x 18” 6’-30’ —- Reasonable Boxed hearts. High resistance 
W. Africa to marine borers. 
PLANKING 4”-10” x 2’-6” average 20’ — — 
KERUING PLANKING 1”-6" x 4”-12’ 6’-20’ _ Plentiful Can be pressure treated. 
Malaya 
YANG PLANKING 1”-6” x 6”-15” 6’-24’ — — 
Thailand 
IPOKO PLANKING 1”-4” x 6”-24” 6’—20’ -— Plentiful 
W. Africa 





tion to the design in order to eliminate as many places as 
possible where water can lodge and cause decay. If this is not 
practicable (and in many cases it is not) then faying or bearing 
surfaces should receive an adequate treatment with a preserva- 
tive This main cause of trouble in wharves and jetties can be 


submerged timbers are susceptible. This increases the range of 
timbers which can be used above water, and the chief hazards 
to contend with are decay and abrasion from traffic. These 
can be successfully combatted, however, by using a naturally 
durable timber or pressure treated timbers, or by paying atten- 
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Timbers for Marine Construction—continued 


minimised if attention is paid to the foregoing. 


Species of Timber 


As has been stated greenheart and pitch pine are the two 
timbers most favoured for marine use, but a glance at the table 
provided indicates certain limitations. Douglas fir/Columbian 
pine/Oregon pine is a close runner up, but whilst its natural 
durability in contact with ground is classed as Moderately 
Durable, i.e. 10-15 years, greenheart is Very Durable—more 
than 25 years and pitch pine as Durable 15-25 years, which 
shortcoming can be surmounted by adequate preservative 








Half-round timber fenders at Poole Harbour taken 1 year 
after installation. 


Fig. 1. 








The same fenders taken 4 years after installation. 


Fig. 2. 


treatment. All softwoods must be treated with a preservative 
if they are exposed to decay or marine hazards whereas 
greenheart may be left as untreated since it is extremely 
resistant to impregnation. The same can be said for ekki, okan, 
basra locus, opepe and pyinkado, 

All these timbers can be used for the decking of wharves and 
jetties and the range of species can be increased by including 
such timbers as keruing/yang, merbau, English oak, purple- 
heart, tali/missanda, wallaba, white peroba, etc. 

Again there is no reason why softwoods should be ignored 
since they are the most readily available and easily replaced. 
Pressure treatment should be resorted to and with Pitch Pine 
and Douglas fir, edge grain should be specified. This will give 
an increase in their resistance to wear. Double decking, whereby 
replacement can be carried out without serious interference 
to traffic is used in the U.S.A. and could well be utilised over 
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here. Indeed this method can be applied to all timber decked 
surfaces. 


New Ideas 


Perhaps the greatest advance in the use of timber is 
in glued lamination. This has been used on the Continent 
and in North America quite extensively, but is of comparatively 
recent introduction to this country. This is chiefly due to the 
fact that we are, as yet, not a timber producing country. The 
advantages and disadvantages of this system have already been 
discussed in the article in this issue “ The Use of Timber for 
Wide Span Storage and Transit Buildings” but as yet it has not 
been developed for the use of piling. This problem is being in- 
vestigated, however, and if the difficulties can be overcome then 
the question of long lengths in timber will become unimportant. 

For normal use in wharf construction, etc., it has been pointed 
out that lamination does offer considerable scope. This is chiefly 
due to the greater knowledge as to the behaviour of the glues 
when exposed to outside conditions. Its greatest advantage is 


to enable inherent defects in the wood to be eliminated and to 
wv 

















Greenheart timber dolphins which retain the floating pontoon at 
Town Quay. 


construct beams and columns, etc., of a size which would either 
be prohibitive in cost or unobtainable in a natural state. 

Laminating itself, i.e. building up members with fastenings 
as opposed to glue, is not new, but it is felt that it has not been 
developed to its full extent in this country as compared to the 
U.S.A. Fender piles, beams, etc., are some of the things which 
could be constructed using this technique. 

Fenders, traditionally, are always of a square or rectangular 
section such as 10-ft. x 10-in. x 5-in. and the bulk of the damage 
is due to crushing, or tearing caused by ship’s rivets, or surging 
with consequent tearing by the plates. In discussing this problem 
with the Harbour Engineer at Poole the suggestion was made 
that this damage would probably be minimised by using a half 
round section. Providing the face of the pile—in this case a 
10-in. x 10-in.—was protected and that the requisite depth of 
timber, i.e. 5-in. could be met, it was agreed to experiment on 
these lines. 

Comparative photographs have been taken one year and four 
years after installation (Figs. 1 and 2). It can be seen that the 
behaviour of this type of fendering is quite remarkable. It 
must be admitted that, since these timbers were untreated, 
attack by Limnoria and Teredo has proved heavy, but since 
sapwood is readily penetrated by preservative then this hazard 
can be overcome. Further experiments are in progress and 
it will be interesting to see how these half round fenders 
compare with the conventional design in terms of serviceable 
life. 

Experimental work is continuing (a) to find durable species of 
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timbers against both Teredo and Limnoria and (b) screening tests 
on wood preservatives of all types. These are being carried 
out in co-operation with B.W.P.A. There is still much to be 
learned regarding the life history of these pests but the Limnoria 
is far more serious than Teredo, at least in English waters. 


Strength of Timber 


An excellent article appeared in the “Dock and Harbour 
Authority ” of May, 1953 by A. M. Robertson, A.M.I.C.E., on the 
subject of Fendering, Lead-in Jetties and Dolphins which proved 
the efficiency of timber piles over alternative materials for this 
class of work, Calculations were aimed at proving the excellency 
of greenheart for this purpose, but this does not mean that this 
is the only timber suitable. Significant features of universal 
interest which require investigation are as follows: 

1 Tests to determine the maximum repeated stresses timber 
can withstand without any permanent deformation or 
weakening, based on the rate and duration of loading 
associated with fenders in practice. 

2 The development of joints not dependent on through bolts 
by testing and the publicity of such test results. 

When calculating stresses, etc. for design work tradition would 
appear to die hard in that if these stresses do not appear to be 
met by calculating in known figures of Douglas fir or pitch pine, 
there is a tendency to forget that there are such things as 
hardwoods which generally have high strength properties. The 
following Table gives the ultimate figures based on small clear 
test specimens of the common marine timbers. 

Reference elsewhere has been made to the use of connectors 
which enable designers to overcome some of the inherent weak- 
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nesses of the traditional jointing methods thus giving rise to a 
greater use of timber. In this respect the Timber Development 
Association are carrying out tests on structural sizes of hard- 
woods, keruing and meranti having already been tested. These 
will assist designers and engineers in their work and should 
foster greater confidence in the use of timber. 

In timber producing countries greater advantage is taken of 
the inherent properties of a material which is readily available. 
The last war, due to expediency and necessity, enforced new uses 
for timber, together with increased efficiency of glues. Some 
surprising projects resulted, perhaps some of the most unusual 
being the floating dry docks constructed in the U.S.A. At Port- 
land, Oregon, a 126-ft. x 450-ft. floating dry dock was completed 
in less than a year using over 630 standards of pressure treated 
softwood, the work being carried out by Timber Structures Inc. 
of Portland. Further details were released in 1944 of another 
series of dry docks, 90-ft. x 352-ft. with 30-ft. aprons at each end. 
These were constructed by the General Construction Company of 
Seattle and were capable of lifting vessels up to 5,700 tons. Yet 
another interesting structure, for the construction in pairs, of 
10,000 ton steel cargo ships, was carried out by the West Coast 
Shipbuilders Ltd. This consisted of a working deck or platform 
68-ft. x 318-ft. supported by eight columns 52-ft. above ground 
level. Timber was used throughout its construction taking full 
advantage of split rings and shear plate connectors. Full details 
appeared in the “ Consulting Engineer” and the “ B. C. Lumber- 
man”. Douglas fir was the main timber used in each case. 

Waterproof plywood for pontoons, etc. is fairly common 
practice in these countries, and providing exterior grade W.B.P. 
plywood is specified no fear of delamination need be entertained. 
































TABLE 2 
Weight Com- 

Species M/C per Shrink- Static Bending Impact pression Hardness Shear Cleav- 
cubic age parallel age 
foot to grain 
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ao io} =] > oo 3 & B iw 
Ww S ) ale | & iS 
= 
1 2 3 4 5 6 7 8 9 10 11 12, 13 14 15 16 | 17 | 18 | 19 
GREENHEART (Ocotea rodiaei) .- | 12 | — | 62 | — | — | 19,300 | 2,970 | — — — |—| 14,940 | 2,650 — 2,830 | 370) 580 
PINE, PITCH (Pinus echinata) 12 | — | 38 | — | — | 13,400 | 1,850 — 18-7 | 32; —| — 7,530 750 810 1,390 (270/270 
FIR DOUGLAS (Pseudotsuga taxifolia) 12 | — | 37 | — | —! 14,800 | 2,20 — — |28/—/]— 8,480 810 980 1,480 | 230/280 
EKKI (Lophira alata) ... 12 | — | 68 | — | — | 26,500 | 2,930 — — | —|—]—} 13,300 | 3,970 — 2,270 | 480 | 730 
OKAN (Cpylicodiscus gabunensis) .. | 12 | — | 58 | — | — | 19,300 | 2,490 — — |—|—}— | 11,920 | 2,270 | 3,090 | 2,860 | 440) 590 
OPEPE (Sarcocephalus diderrichii) ... | 12} — 47 —,—} 16,500 | 2,070 | — — |—!/]—|—} 10,020 | 1,630 | 2,060 | 2,190 | 260/280 
JARRAH (Eucalyptus marginata) - | 12) —| 54| — | — | 15,500 | 1,820 — — |j—|—}|— 8,600 | 1,870 | 1,990 1,990 420) 440 
PYINKADO (Xylia dolabriformis) ... | 12 | — | 57 | — | —| 19,900 | 2,500 | — | 36 49 |} —} —/} 11,100 | 2,220 | 2,050 | 2,170 | —| — 
BRUSH BOX (Tristania conferta)* ... | 12 | — | 57 | — | —| 18,400 | 2,560 — — |—|—]| 8 — —_ — — | — | — 
REDWOOD (BALTIC) (Pinus ene 12 | — | 30 | — |} —| 11,200 | 1,420; — | — |24|—|—] 6,360; 550 740 | 1,320 | 230|250 
IROKO (Chlorophora excelsa) .. ‘ 12|— | 41 | — | —| 12,400 | 1,450 9-0 | 14-1 | 23 | —| — 7,620 | 1,260 | 1,490 1,810 | 300/380 
TEAK (Tectona grandis) .-- | 12 | — | 43 | — | — | 14,300 | 1,850 — 24°8 | 26 | — | — 8,320 | 1,130 — — ce pies 
KERUING (Dipterocarpus spp) 12 | — | 49 | — | — | 20,000 | 3,110 | 17-2 | 25-0 | 41 | — | — | 11,320 | 1,310 | 1,680 — 290 | 380 
TURPENTINE (Syncarpia laurifolia) .. 12 | —| 60 | — | — | 22,300 | 2,410 | 19-2 | 20-8 | 41 | — | — | 11,500 | 2,900 | 3,320 2,710 | 700/980 
ELM, ROCK (U/mus enianed .- | 12 | —| 49 | — | —] 16,500 | 1,800 | — | 66-8} 71 | —| — 8.000 1,710 | 1,870 | 2,150 | 530/520 
OAK (Quercus spp) we a vee | 12 | — | 43 | — | —] 13,300 | 1,560 | 11-1 | 19-1 | 33 | — | — 7,210 | 1,230 | 1,460 | 1,760 | 360/500 





* The figures for Brush Box have been extracted from Technical Notes, New South Wales, Australia. 
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Timbers for Marine Construction—coninued 


Preservation can be applied to such material to reduce decay and 
marine borer hazards. 














Greenheart fender piles protecting the west arm of the Royal Pier. 


Conclusions 


Contrary to general belief Pitch pine is still available; green- 
heart the traditional marine material can be obtained in long 
lengths providing attention is paid to hewn square baulks and/or 
round piles; Douglas fir, whilst requiring pressure treatment 


and incising is also available in good length and sizes and, with 
the limitations in dimensions already outlined, there are 
numerous other timbers perfectly suitable for wharf, jetty and 
sea defence purposes. 

A timber should be selected for high natural resistance against 
marine borers, if this hazard exists, or a preservative should be 
applied to increase this resistance. 

Using modern techniques timber can be used for a very wide 
range of structural purposes from warehouses to wharves, etc. 
Also, there are many timbers not necessarily available in the 
United Kingdom, which can be used in their countries of 
origin. Information on these timbers can be obtained if desired. 

It is hoped that this article will have indicated some of the 
possibilities of this very adaptable material. 
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The Fire Endurance 
of Timber Structures 





By H. RICHARDSON, A.I.W.Sc. 
(Industrial Relations Officer, Timber Development Association) 





In spite of centuries of safe usage in structures of all types, 
timber is often regarded as a fire hazard in buildings. Actual fire 
experience does not support this mistaken idea, which is based 
simply on the knowledge that wood will burn. 

The average home has incorporated in its structure a timber 
roof, wooden floors, joinery and furniture. It is also well furn- 
ished with highly inflammable contents. Nevertheless it is 
generally accepted that the domestic fire risk is low. 

In considering the extent to which a timber structure can be 
regarded as contributing combustible matter to an existing con- 
flagration it is necessary to exercise a sense of proportion. To 
assist in this, reference is made to the concept of “fire load” 
which is a term used to describe the number of British Thermal 
Units which could be liberated per square foot of floor area by 
combustion of the contents of the building and any combustible 
parts of the building itself. It is determined by multiplying the 
weight of the combustible materials by their calorific values and 
dividing by the floor area under consideration. 

From available data it has been established that the fire load 
of residential buildings, hotels, hospitals, schools and offices does 
not exceed 100,000 Btu’s per sq. ft. This is designated as a low 
fire load and provides a useful yardstick to measure the contri- 
bution of a timber construction. The amount of timber in the 
roof of a building of 50-ft. span, including trusses, purlins and 
bracing would not normally exceed 2 Ibs. per sq. ft. The calorific 
value of wood is about 8,000 Btu’s per lb., which in this case is 
equivalent to a fire load of 16,000 Btu’s per sq. ft. or less than 
1/6th of what has been defined as a low fire load. With high fire 
loads of the order of 4 or 5 million Btu’s per sq. ft. a timber roof 
might add something less than 0.5% to the fire load. 

In spite of these considerations, wherever timber is suggested 
for use in a structure the fact which tends to be considered to 
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the exclusion of all others is that wood burns whereas alternative 
materials do not. 

This, however, is only a part of the story. No building is fire- 
proof and the fire endurance of all building materials is merely a 
matter of time and temperature. To put the matter in its true 
perspective it is necessary to consider the behaviour of all the 
commonly used structural materials when they are exposed to 
fire. 

It is a fact that wood will burn and will support a flame when 
a temperature of 250°C is attained and it is for this reason that 











The heavy metal 


The aftermath of a fierce fire at a varnish works. 
tank still full of water is supported on the charred timber beams of 
the roof structure. 
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Fire Endurance of Timber Structwres—continued 











{Photo by courtesy of Leicester, Lovell & Co. Ltd.] 


A 12-in. by 6-in. laminated beam which has stood up after hours of 
burning in a severe fire. Note that this is supporting the twisted 
steel roof structure that collapsed quickly after the fire started. 


in the surface spread of flame test most timbers are rated as 
Class 4, that-is to say the resistance to flame spread is poor. This 
property of combustibility must be taken into consideration 
when timber is used in thin sections as, for example, a lining 
material. Fortunately, however, science has produced a solution 
to this problem and a number of treatments are available which 
achieve a Class I rating in the surface spread of flame test when 
applied to timber and plywood, in other words a satisfactory 
degree of non-combustibility has been imparted to the timber. 
These chemicals are applied by pressure impregnation methods 
or as a paint and adequate references to their composition and 
operation are contained in existing literature. 

In discussing building materials, the size of the construction 
assemblies and the condition of their use are very important in 
how they perform in a fire. In the form of building materials 
wood is difficult to ignite, burns slowly, retains its shape and sup- 
ports the structure for some time after the fire starts. Thus 
timber usually performs better in a fire than many non-combust- 
ible materials and it provides more time for evacuating the occu- 
pants and extinguishing the fire. In short, fire performance 
embraces more than the simple yardstick of material combusti- 
bility. 

In general fires originate in the primary ignition of tinder, that 
is a combustible material in which the ratio of surface area to 
mass is sufficiently high to support combustion even when only 
moderate heat is applied over a very small area. It is a material 
in such form that it is ignitable by an ordinary match and which 
will subsequently support combustion. Plainly structural timber 
can hardly be classed as tinder, a more precise definition of which 
is that it should have a specific surface of more than 20 sq. cm. 
per gram. 

A match will burn, wood in the form of shavings will ignite 
readily, steel wool will ignite if a lighted match is applied to it 
and aluminium dust will burn so rapidly that it can be made to 
explode. 

Assuming that the smallest commonly used section in a timber 
framed structure will be 2-in. x 4-in. this has a specific surface 
of only 1.3. If this value is compared with the figure already 
guoted for tinder it is clear, and experience will confirm, that 
timber is not a suitable material for starting a fire unless its 
dimensions have first been reduced to shavings. 

This concept of specific surface is of some importance and just 
as the match will burn more readily than the joist a similar rela- 
tionship can be formed by comparing a structure such as the 
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Belfast roof with the modern bowstring, the latter construction 
having a higher fire endurance because it has fewer but heavier 
structural elements. Similarly dressed timber is more difficult 
to ignite than sawn timber. 

It has already been pointed out that when timber is exposed 
to fire it will char and ignite at a temperature of 250°C. The 
rate of charring is known to be approximately 1-in. in 40 minutes 
and the reduction in strength of timber is proportional to the loss 
of cross section as a result of the formation of charcoal. Elevated 
temperatures do not give rise to a material reduction of strength 
properties and there is no tendency for timber to plasticise or to 
creep. The thermal insulation properties of timber retard the 
rate of temperature increase and in timber beams thermal expan- 
sion seems to be counteracted by the shrinkage which occurs as 
the timber dries out and, therefore, damage to other parts of the 
structure through thermal movement and side pressures on the 
walls does not occur. In the case of steel, even when it is pro- 
tected with a thermally insulating layer of plaster or concrete, it 
expands to a large extent under heat and may cause severe crack- 
ing in walls with which it is in contact. Wartime experience has 
shown that walls of sufficient resistance to contain fire success- 
fully have been pulled down through expansion and subsequent 
distortion of incombustible roof structures, while timber roofs 
have left the walls unharmed. 

It has already been emphasised that rapid flame spread is asso- 
ciated, not so much with the structure as with the contents or 
with continuous linings of combustible materials having a high 
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Oak beams in a London warehouse following a five-day fire. Although 
burned to a depth of nearly 2-in. the charred timber remains in a 
sound condition. 
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Fire Endurance of Timber Structures—continued 


specific surface. The importance of the structure itself lies 
chiefly in its fire endurance which is the period for which it will 
withstand a prescribed heat or load without collapse. In this 
respect timber is quite appreciably better than unprotected steel 
or aluminium alloy. 

Steel loses strength rapidly as its temperature is raised above 
about 250°C; at about 550°C it has a little less than half its 
original strength and loses 90% of its strength at about 750°C. 
Most aluminium alloys start losing strength immediately the tem- 
perature is raised; they are reduced to about half their strength 
at 300°C and melt at about 600°C. Concrete will crack and 
explode at a temperature of 500°C and moreover tension wires 
and reinforcements are adversely affected unless an adequate con- 
crete cover is provided over the reinforcement on the tension 
side of the members. These figures are significant when it is 
realised that ordinary building fires attain temperatures of from 
700°C to 900°C. 

The effect of the expansion which occurs in structures made of 
incombustible metals has already been described. The property 
of thermal conductivity must now be considered. Metals have 
a high thermal conductivity and consequently the dimensions of 
structural members made in steel or aluminium have little bear- 
ing on their fire resistance; this is not the case with timber, how- 
ever. Wood has a low thermal conductivity, the thicker the 
member the less heat there will be to liberate inflammable gases 
in the middle of the timber and the less risk there will be of the 
wood burning through. 

It is possible to calculate the time taken to reach the failing 
point of comparable structural members bearing in mind that in 
the case of timber (in this instance a 2 x 4 tie) it is the calculated 
effect of the depletion of cross section corresponding to charring 
at a rate of l-in. in 40 minutes. Assuming that the failure of 
fully loaded ties would not occur until the strength value dropped 
to about 25% of the original the times taken to reach failure are 
as follows: 


1, Aluminium alloy, about 3 minutes. 

2. Mild steel, about 64 minutes. 

3. Softwood, about 29 minutes. 

Timber structures are at least as good a fire risk as those con- 
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structed with the so-called incombustible materials. No building 
is immune to fire damage; one of the worst fires ever known 
occurred in a non-combustible building with non-combustible 
materials. In this case the collapse of the framework did more 
damage than the fire. Premature building collapse, not neces- 
sarily confined to the immediate area of the fire, can be a lot more 
serious than a combustible structural frame. 

In sound fire protection practice there are four basic require- 
ments, the safety of the occupants, the contents, the business and 
the structure. It is difficult to find one solid fact which precludes 
the use of timber on any of these grounds. 








The Use of Timber in Administration 
Buildings 


By Mrs. C. HUME, Dip. Arch., A.R.I.B.A. 


The range within which timber can be used as a building 
material is not confined to simple straightforward structures such 
as storage or transit sheds, but embraces a far wider field. 
Administrative buildings either of single or multi-storey con- 
struction are a good example of the type of structures which 
must be considered in terms of this material. Single or double 
storey buildings of this sort can be wholly constructed and clad 
in timber, either on an in-situ basis or with the aid of pre- 
fabrication, whilst multi-storey blocks can be quickly, economic- 
ally and permanently clad in timber. 


Timber for structural use 


In-situ construction, the assembling on site in their final 
position of the various component parts of a building, has 
changed little in principle throughout history, A greater technical 
knowledge and understanding of timber has, however, made 
a much more economic use of the material possible. 

Basically, traditional timber construction consists of upright 
studs placed at between 16-in. to 24-in. centres, clad with either 
horizontal or vertical weatherboarding. More recently, with the 
advent of readily used sheeting materials, timber cladding has 
become usually confined to the external skin; the internal mem- 
brane being of plaster board or like material and the cavity 
between often filled with either loose or quilted fibre glass, 
expanded plastic or other material of high insulating va'ue. 
It is very important to insert a moisture barrier between the 
external cladding and the studding, which can be building paper 
or felt. Aluminium foil can also be used both a vapour barrier 
and for its insulating properties. Modern manufacturing methods 
have produced a wide range of cladding for both external and 
internal use giving a variety of treatment suitable for most con- 
ditions together with a wide and controlled range of insulation. 
Also the construction being dry has the great advantage that 
the building can be used immediately building operations have 
been completed. 

There are many reasons why it may be undesirable to fabricate 
a building on the site, not the least of which may be the short 
space of time allowed between occupation of the site and the 
finishing of the building. Under such circumstances a system of 
pre-fabrication offers many advantages. A number of methods 
of fabricating large units in the workshop and transporting them 
to the site ready for enection have been developed in recent years. 
Many of these combine some architectural value with great 
flexibility and are capable of being adapted to a variety of plan 
shapes suitable to the requirements of the type of building under 
discussion. 
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Timber in Administration Buildings—continuea 


The majority of these pre-fabricated systems of construction 
consist of post and beam frames with panels forming walls, 
floors and roofs. In some cases the wall panels are made load- 
bearing, carrying the weight of the roof without the assistance 
of posts or columns. The simple post and beam form of con- 
struction is probably the most straightforward as it can be set 
up and easily held in position ready to receive the various infill 
panels. 

All systems of this type are based on a module or planning 
grid, the basic dimension of which is usually the distance between 
the centre lines of the columns or beams. It is quite usual to 
relate the grid to the standard dimensions of the sheeting 
material used for cladding, in order that unnecessary cutting 
and wastage is kept to the minimum; consequently modular 
sizes in the region of 6-ft. 4-in. are common, Such a 
module also means that the resulting overall sizes of the 
units are easily transportable and man-handled. The mechanical 
handling of such pre-fabricated units would be difficult to justify 
on economic grounds. 

Another widely used modular dimension is that of 3-ft. 4-in., 
which just allows for sufficient space to accommodate a door- 
way plus structural thickness of walls. Small units of about this 
width may not be quite as economical unless the cladding 
material is of sufficient rigidity to dispense with any bracing 
within the framing. It is however only right to point out that 
the smaller module, the greater is the flexibility of the planning 
grid. 

Various other modules have been produced and are being used 
by manufacturers to provide the basis of their particular systems 
of pre-fabrication. The modular size, if properly considered, in 
no way affects the workability of the structure; it is after all a 
convenient method of assisting both manufacturer in fabrica- 
tion and the Architect and Engineer in adaptation to proposed 
buildings. 


Timber as a cladding material 


Weatherboarding is, of course, the oldest form of timber clad- 
ding and its durability can easily be seen on many an old build- 
ing in this country. Horizontal feather-edged or ship-lap board- 
ing are the most traditional forms, but now a great variety of 
sections for both horizontal and vertical boarding are available. 
There is a little difference between the various sections except 
for their appearance; generally speaking horizontal is easier to 
make weather-tight, but with careful detailing vertical boarding 
can be as satisfactory and is in many ways more attractive. 

















Typical example of cladding of vertical weather boarding and large 
wood window units. 
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Typical example of curtain walling. 


In the past the weather boarding has often been painted or 
creosoted, although some traditional cladding, such as wany- 
edge elm, if left untreated will weather to a silver grey colour. 
The tendency at present is to apply a clear finish, which will 
enhance the appearance of the wood, also retaining its original 
colouring; such finishes will need periodic renewal. Thus where 
low maintenance cost is of importance, it is well to remember that 
certain species of timber can be left untreated; they will, of 
course, all weather to a greyish tint, but this will in no way affect 
their properties as a cladding material. 

In more recent years various forms of cladding for framed 
multi-storey buildings have been developed and from the heavy 
walling, that completely encased the structural frame a window 
or curtain wall has emerged, that merely sheathes the building. 
Naturally the traditional joinery work, that has given us the 
various types of windows associated with certain architectural 
styles, has also been adapted to this new field. Basically a timber 
curtain wall is still joiners work and the same consideration to 
design and detailing prevail. 

Most of the examples of timber curtain walling are designed 
to suit the requirements of the particular building; there are, 
however, a few specialised systems on the market and several 
others are in the process of being developed, great flexibility and 
adaptability is essential for any pre-fabricated type of curtain 
walling. As it is necessary to fix the curtain wall back to the 
structural frame in both directions, this horizontally and 
vertically, it is possible either to supply the components to 
correct length for site erection or to pre-fabricate large panels. 
The latter obviously means that each building must be con- 
sidered as an individual problem. 

Special consideration must be paid to the likely movement 
in the timber and to the weather tightness of the joints. 
Horizontal members such as cills, heads and transomes should 
project at least 14-in. and be steeply sloped and throated; thus, 
by breaking up the wall surface they provide protection to the 
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Fire Retardants 


By Wm. E. BRUCE, M.A., F.I.W.Sc. 


introduction 

The merits of wood as both a constructional and decorative 
material are generally acknowledged but on occasion it is con- 
demned because it will burn and cannot be regarded as a “ fire- 
proof” material. Dr. F, Y. Henderson in his book “ Timber” 
states that “ there is no fireproof timber and no timber which can 
be rendered so”. Certain of the denser timbers are however, 
slow to take fire particularly in large sizes and have been termed 
“ fire-resisting ”. This question of the fire-durability of timber is 
however, dealt with in another article in this supplement. Because 
of the fact that wood is a combustible material and a fire of 
sufficient intensity and duration will eventually destroy it, it is 
not “ fireproof”. The tendency to use incombustible materials 
such as steel, concrete and stone has developed because these 
materials are regarded as “ fireproof” and said to possess greater 
reliability in a fire. In the introduction to the Red Booklet on 
“ Timber and Fire Protection ” published by the Timber Develop- 
ment Association it is pointed out that no material will with- 
stand the action of fire indefinitely. The question therefore arises 
as to whether these other materials although they may be incom- 
bustible can be truly accepted as “ fireproof ”’. 

In the booklet mentioned in the previous paragraph reference 
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B.T.C. administrative buildings at Southampton. Factory made and 


erected on site. 


horizontal joints. Vertical joints should be rebated and tongued; 
it may also be advisable to provide a cover strip. Opening lights 
and infill panels can be fixed directly to the main curtain wall 
framing, that is the main transomes and mullions; fixed glazing 
should be secured with beads if possible, in preference to putty. 

An important aspect of curtain walling is thermal insulation. If 
the proportion of clear glazing to solid panels is higher than 
40% it is advisable to incorporate double glazing. The initial 
higher cost must be offset by the reduced heat loss and com- 
parable reduction in fuel cost. Where the greater part of the 
wall has solid infill panels, the overall thermal insulation value 
is easily adjustable by the selection of suitable materials. 

As with all other joinery or carpentry work, the selection of 
the timber is very important. The species should be selected 
not only for its durability but also for straightness of grain, free- 
dom from knots and other defects, and availability of required 
sizes. 
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is made to the fact that steel loses its strength when a certain 
temperature is reached and twists and bends, often bringing 
down the walls: that concrete disintegrates under the effects of 
fire as do bricks and stone. In Leaflet No. 11 issued by the 
British Wood Preserving Association it is stated that a wooden 
beam will retain an appreciable proportion of its strength in a 
fire that would cause a metal structure to distort and collapse. 
After fires it is often found that large timber beams are only 
charred to a small depth and are otherwise sound. 

Incombustibility in a material of construction is somewhat 
illogically valued more highly than its overall behaviour in a 
fire. Wood has great reliability in a fire. Its failing is that it 
can be ignited and that once ignited it may continue to burn and 
spread the fire beyond the area of origin. In short its main 
drawbacks are its ignitibility and the surface spread of flame. 
Although wood cannot be rendered incombustible by any tech- 
nique at present in use, steps can be taken to increase its resis- 
tance to ignition. Action can be taken to delay or even prevent 
its active participation in a fire, minimising structural damage by 
the fire and eliminating the risk of it contributing to the spread 
of fire. Wood is given such resistance by the application of 
“ fire-retardants ”. 

By efficient use of “ fire-retardants” the objections to the 
use of wood can be overcome. The term “ fire-retardants” is 
applied to certain chemicals, special paints and other composi- 
tions designed to prevent or appreciably delay the ignition of and 
spread of flame in wood, fibreboard and other cellulosic material. 
The proper use of “ fire-retardants” added to the natural and 
accepted merits of wood as a constructional material render it 
a material to be used with confidence. 


Fire-retardants 


The ideal fire-retardant should have the following qualities:— 
(a) be capable of preventing flaming of wood and should 

quickly and completely suppress smouldering; 

(b) have no undesirable secondary effects such as undue 
moisture sensitivity or corrosion to metals in contact with 
the treated timber; 

(c) be permanent and effective; 

(d) be able to resist normal wear and tear; 

(e) be capable of taking a decorative finish; 

(f) be easy to use, reasonably priced and when heated should 
not emit noxious fumes. 

Much research work on fire-retardants has been carried out 
both in this country and by the U.S. Forests Products Laboratory 
at Madison. In the investigations carried out during the past 
hundred years the ammonium phosphates with or without borax 
or boric acid have proved effective. Salts such as zinc chloride, 
aluminium sulphate, ammonium sulphate, ammonium chloride 
and ammonium bromide have also been used. Mixtures of these 
various components are the basis of many of our modern pro- 
prietary fire-retardants. Certain of these modern proprietary 
fire-retardants combine fungicides and insecticides with the 
fire-retardants. Formulations at present favoured in Great Britain 
for impregnation treatments are mainly based on mono- and 
diammonium phosphate with proportions of ammonium sulphate, 
borax and fluoride arsenate, copper and chromate preservatives. 
Although the protection of wood against fire is distinct from 
preservation against fungal and insect attack for many purposes 
the idea of a combined treatment is attractive. Some of the 
water-soluble fire-retardants are even themselves effective fungi- 
cides at the high concentrations required for maximum fire pro- 
tection. 


Standards of Behaviour , 


British Standard 476 (1953) establishes standard definitions and 
tests for “ combustibility ”, “ surface spread of flame” and “ fire 
resistance”. The first two are factors in the development of the 


fire itself. “Fire resistance’, on the other hand, attempts to cover 
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the whole behaviour of a structure in a fire. In the “ surface 
spread of flame” tests, Class 1 covers surfaces of very low flame 
spread, Class 2 “ surfaces of low flame spread ”’, Class 3 “ surfaces 
of medium flame spread” and Class 4 “ surfaces of rapid flame 
spread”, Untreated wood, plywood and wood-fibre wall board 
surfaces fall into Classes 3 and 4. Adequate treatment with a 
good fire retardant will raise them to Class 1 and this is 
demanded in most specifications. 

The effectiveness of a fire retardant treatment is determined 
by testing treated wood or wall board in carefully controlled 
conditions and comparing the results with the behaviour of 
similar untreated wood and wall boards in the same conditions. 
The tests accepted are those to B.S. 476 (1953) officially carried 
out by the Joint Fire Research Organisation of the Department 
of Scientific and Industrial Research and the Fire Officers’ Com- 
mittee at the Fire Research Station. New ideas on testing 
methods are now being considered and a new test is being 
developed which will grade building boards and lining materials 
to criteria which correspond to their flashover times. (B.W.P.A. 
Convention Record 1956, pages 112-144.) 


Methods of Applying Fire Retardants 


There are two main types of fire-retardants, those applied by 
pressure impregnation and those applied by surface application. 


(a) Pressure Impregnation 


Pressure impregnation of timber with water-soluble fire- 
retardants is carried out by the vacuum-pressure treatment tech- 
niques normally used in the wood preservation industry. Heavy 
impregnation of the wood with fire-retardant chemicals means 
that the fire-retardant is mixed with the combustible wood sub- 
stance so that it can influence all stages of its combustion. Heavy 
loadings of chemicals can be applied and it is even possible to 
produce a material with only a minor proportion of wood. 

An impregnation process may introduce any required amount 
of fire-retardant into the wood up to saturation. On occasion 
reference is made to “ maximum fire protection ” which implies 
the highest degree of protection and corresponds to a fire- 
retardant retention of 4-6 lb. per cubic foot and a “ flameproof- 
ing” effect which corresponds to a retention of 14-24]lb. per 
cubic foot. These treatments differ in cost and the choice will 
depend on service needs. 

Although it is not easy to extract from treated wood a water- 
soluble fire-retardant the question of “leaching” must be 
remembered. Treated wood to be used in the open should be 
protected from rain by covering it with a paint of low combusti- 
bility. 

If it is intended to glue wood treated with a fire-retardant the 
advice of the manufacturers of the adhesive and the fire- 
retardant should be sought. 


(b) Surface Coatings 


Fire-retardant surface coatings fall into a number of categories. 
They include:— 


(i) simple solutions of fire-retardant salts 

(ii) intumescent phosphate-resin fire-retardants 

(iii) “paints” based on sodium silicate and a refractory pig- 
ment or filler 

more nearly conventional paints containing refractory or 
fire-retardant fillers in an organic vehicle 

inert and refractory plasters 

“plastic finishes” based on gypsum, anhydrite, asbestos, 
vermiculite and mineral wool. 

For surface coatings the most favoured surface fire-retardants 
are probably those which intumesce under flame to provide an 
insulating barrier between the flame and the wood. One of the 
best surface coatings is of the intumescent phosphate-resin type. 


(iv) 


(v) 
(vi) 
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Fire Retardants—continued 





A number of proprietary surface coatings are capable of Clas: 
1 spread of flame classification. The weather resistance of these 
coatings varies greatly and some are unsuitable for outdoor use 
Some resist removal by mechanical damage. 


Choice of Treatment 


Under certain circumstances “full fireproofing” by pressure 
impregnation is desirable such as when there is a risk of in- 
tense and prolonged fire in other adjoining materials, e.g. struc- 
tural timber in warehouses, factories, ships, piers, garages, hangars, 
vehicles or where there is a risk that mechanical damage may 
splinter the wood as may occur with mine timbers. Normally 
it is the heavy structural and load bearing timbers that call 
for maximum “ fire-resistance”’ protection. In these cases it 
is also important that a suitable design and construction should 
be used. 

Flameproofing either by light impregnation or by surface 
coating will usually be adequate for lightweight and decorative 
wood, plywood and wallboard where the risk is of ignition from 
a fairly small source rather than of exposure to a sustained fire 
of major proportions. Such circumstances are found in exhibi- 
tion stands, hutments, houses, hotels, office buildings, hospitals, 
schools, theatres etc. 

If wood is already in position a surface coating will of course 
have to be used, The type of coating will depend on a number 
of questions such as whether a decorative finish is required; 
whether there will be any danger of abrasion or mechanical 
damage; whether the wood is indoors or outdoors. 

Costs of treatment whether by pressure impregnation or sur- 
face coating are obviously important but when a fire hazard is a 
major issue the minimum safety standards required rather than 
costs should be the deciding factor. 

Detailed information on both impregnation fire-retardant treat- 
ments and surface fire-retardant treatments for timber may be 
obtained on application to either the British Wood Preserving 
Association, 6 Southampton Place, London, W.C.1 or the Timber 
Development Association Ltd., 21 College Hill, London, E.C.4. 





Timber Shell Roofs for Storage Buildings 
and Transit Sheds 


By H. TOTTENHAM, M.A. 








The problem of roofing storage and transit sheds is principally 
that of providing as little obstruction on the covered area as 
possible for a minimum cost. In many cases timber shell roofs 
can provide a satisfactory solution. Not only can large areas be 
covered economically with a minimum number of supports but 
many other incidental advantages are obtained. 

Timber shell roof construction consists basically of two 
essential parts; the shell itself and the edge stiffeners or ties. The 
shell usually consists of two or more layers of boards fastened 
together to form a curved sheet, As the main strength of timber 
is in the direction of the fibres, that is along the length of the 
boards, it is necessary to arrange that the direction of the boards 
in the various layers shall be such as to give adequate strength 
in all directions, The shell may be likened to a vast sheet of 
plywood moulded to shape on site, with the thicknesses and 
directions of the grain in the various veneers arranged to give 
the maximum advantage for the particular job. 

In some cases local stiffness is the main requirement rather 
than strength, in such cases small ribs are more economical than 
the additional layer of boards. For example 2-in by 6in. ribs at 
4-ft. centres have greater stiffness than a sheet of timber 2-in 


The Dock & Harbour Authority 














Mm ‘e 


Cee 


“se Wwe Ne 








Sate aed PIERS 


hick. The cost of making ribs is, however, greater than that of 
yrming a shell so that in fact ribs are only used where a standard 
hape can be used. 
Apart from the shell proper it is essential in all shell roof con- 
tructions to provide some form of stiffener along the edges of the 
shell. Although a curved surface has immense strength due to 
its curvature it is always necessary to prevent local deformation 
along the edge. The household bucket, for example, which is 
really a conical shape, has a rim at the top edge, one of the 
principle functions of which is to prevent local distortion; without 


Timber Shell Roofs—continued 


twist but had to be given a slight curvature. It is very much 
easier to hold in position a board which is curved, than one which 
is twisted. Today, although many hyperbolic paraboloid timber 
shells are being constructed, most of these have their boards in 
directions other than along the straight lines. 

The fact that boards could easily be formed into curved sheets 
other than those developed from straight lines greatly enlarges 
the scope of timber shell construction; the most important aspect 
of which is the fact that surfaces which are termed “ positive 
curvature” surfaces are considerably stronger and stiffer than 
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the rim the edge is easily distorted, In a shell roof the edges of 
the shell must be reinforced with edge stiffening beams. As the 
function of these beams is to provide stiffness, and not carry 
loads, these are usually very light. 

Because the shells are built up from boards, that is straight 
narrow lengths of timber, there are limits to the shell construc- 
tion which can be carried out in timber. It was originally thought 
that a surface—known as the hyperbolic paraboloid—which is 
composed entirely of two sets of intersecting straight iines, 
would be the most suitable shape for a timber shell. It has been 

yund in practice, however, that the boards in the sheil which did 

ot run along the straight lines were easier to fix than were those 
1at did. This is due to the fact that the straight line boards have 
) be given a slight twist; whereas the other boards had negligible 
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A “ positive curvature ” surface 
surface is 


“ negative curvature ” surfaces. 
is a dome-like surface, and a “ negative curvature ”’ 
saddle-shaped. 

The limitations imposed on timber shell construction by the 
fact that timber is produced in boards are, 

(a) that the radius of curvature must be sufficiently large com- 
pared with the thickness of boards to enable the surface to be 
formed without overstressing the timber, and 

(b) that the surface must be sufficiently flat in some direction 
to enable boards to be laid along one another without large gaps 
opening between the boards. (The latter condition is not fulfilled, 
for example, in a beer barrel where shaped boards have to be 
used to form the surface.) In practice both these requirements 
are Satisfied provided that the shell is shallow—that is that the 
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Timber Shell Roofs—continued 


height of the shell is small compared with | 
its span; reasonable figures for a timber 
shell are: ratio of curvature to thickness of 
boards should be greater than 500, and 3 a : 37 
ratio of height to span should be less than | | 

one over four. E: iS $ | | 3 


The most useful geometrical shapes for 9- od 
timber shells for storage buildings and fe 
transit sheds are: 
(1) The cross vaulted dome (fig. 1). 
(2) The elliptical paraboloid dome (fig. 2). 
(3) The cylindrical barrel vault (fig. 3). 
(4) The conoid north light shell (fig. 4). 
(5) The hyperbolic paraboloid shell (fig. 5). 

Each of these has its own advantages 
under different circumstances although the | 
difference in cost in many instances would 
be only marginal. Thus the first two forms 
give a wide column spacing in two direc- 
tions and in each bay give a completely 
unobstructed roof space. If natural light- 
ing is required this may be provided, in the 
case of the vaulted dome, by a large lantern 
at the apex, or by glazed strips along the | 
diagonal ribs; in the case of the elliptical 
paraboloid either the shell may be punc- | 
tured to give a number of small lights or 
lighting may be introduced at the curved - 
gables. g 

The barrel vault is most useful when 
very long clear spans are required. Spans of 
up to 200-ft. are possible with this form of 
construction and lighting may be intro- 
duced by means of a glazed strip along the 
crown. The conoid shell is more limited in 
its range of economical spans but provides 
extremely good natural lighting. 

The hyperbolic paraboloid, despite its 
present popularity, has several disadvan- 
tages, the principle one for use in storage 
buildings being the necessity of a tie be- 
tween diagonally opposite corners which 
obstructs what would otherwise be clear 
roof space. However, hyperbolic paraboloid 
units used to form northlight roofs such as 
in fig. 5 can give an economic form of con- 
struction. In its conventional form it is a 
very useful roof on the medium span range 
—bays of about 40-ft. square which gives a 
column spacing of 60-ft. square. 

Timber shells also form an economic 
means of providing cantilever roofs to load- 
ing docks. The three principle forms for 
these are: 

(a) the double-cantilever barrel shell or 
“butterfly ” roof, 

(b) the hyperbolic paraboloid umbrella 
and 

(c) the cross-vault umbrella. 

Again the last two are most suitable in 

cases where bays with one central column 

are convenient, whereas the cylindrical 

vault is best used where long narrow bays 

are required. 
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Fig. 6. 


CYLINDRICAL CROSS VAULT 
CROSS VAULT UMBRELLA 


| NORTH LI 











100 ft 








oof 
100 ft 
100 fe 

















- 80 
= 
89 

















60 
j 








6p 
6 


























40 
































20 
40 + 
60 4 
80 
100 
80 
20 4 
40 
60 4 
80 
100 


f 
TIMBER SHELLS FOR LOADING BAYS. 










OLOID UMBRELLA f 





2 
5 
S 
é | 


36 The Dock & Harbour Authority 


TIMBER SHELLS FOR STORAGE & TRANSIT SHEDS 
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Timber Shell Roofs— continued 


The most economic ranges and typical dimensions for various 
forms of shell construction are dealt with elsewhere in this issue. 


Shapes for Shells: Economics Ranges and Practical Sizes. 


To facilitate construction timber shell roofs should be of simple 
geometrical shapes. The choice as to which shape would be 
most suitable for any particular building will depend on a number 
of different factors, such as: 

(a) the general outline of the area to be covered, 

(b) the number of supports, 

(c) the position of supports, i.e. internally or along the 

perimeter of the building, 

(d) the amount, if any, of roof lighting, and 

(e) the necessity for ties in some of the shell forms. 








Hyperbolic Paraboloid roof of timber construction at Haughley Park. 
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The type of construction also depends upon economic con- 
siderations and to help here fig. 6 shows the most economic 
ranges of spans and column spacing of the most important forms 
of timber shell roof construction. 

The shapes included in fig. 6 are further illustrated and typical 
sizes of the governing dimensions are presented in fig. 7. It must, 
however, be stressed that these figures are meant only as a guide 
and must in every case be substantiated by calculations. 

It should also be mentioned that in the case of the hyperbolic 
paraboloids (b), barrel vaults and northlight barrels, several units 
can be supported on a common beam to give larger spacing of 
columns with very little extra cost. This applies especially in 
the case of the hyperbolic paraboloids (b). These shells are 
particularly suitable for pre-fabrication, and their use must be 
seriously considered in cases where very rapid erection is 
required or if it is necessary to reduce the amount of false work 
to the minimum. 











Open storage shed of Phoenix Timber Co. Ltd., Rainham. 
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New Hangar at Gatwick Airport 





A timber hangar, which is regarded as a major step forward in 
the field of timber engineering, is being built at Gatwick Airport. 
It is the largest clear span timber building in the United Kingdom 
—and probably in Europe. 

As indicated on the accompanying details, the hangar has a 
clear span of 150-ft. with clear headroom of 33-ft., the entire roof 
and side cladding being supported on six frames spaced at 30-ft. 
centres, giving a 150-ft. depth of hangar from front to rear. 

The structural framework for the hangar was designed by H. 
J. Andrews, A.M.LStruct.E., Manager and Chief Designer of 
Beves & Co. (Structures) Ltd. in close collaboration with the 
Architects P. & D. T. Myers, London, using the HB system of 
construction which has received wide application in Scandinavia 
during the past 20 years. 

In its basic form the HB system is an I section beam built up 
from relatively small sizes of timber to produce the desired 
section and strength. The paired flanges are of glued laminated 
boards of a number and size calculated to meet the bending 
stresses. The web consists of two layers of boards laid diagonally 
to the lengths of the beam and at right angles to each other. The 
flanges are placed with the halves of each face on either side 
of the web and then through-nailed to a predetermined pattern. 
The nails are of a special section and of sufficient number to 
transmit all stress. A system of stiffeners is applied to restrain 
buckling in deep beams. 

All HB beams are designed in the orthodox manner to deter- 
mine the bending moments throughout the structure. These 
resultant moments form the basis of the design of a particular 
frame, The arrangement and size of the tension and compres- 
sion flanges are calculated to produce a resisting moment value 
equal to, or in excess of, the required bending moments. Shear 
forces in the web members are transmitted from one flange to 
the other through the medium of the nailing system. The per- 
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missible load transmitted by each nail is a function of its bearing 
area and the compressive strength parallel to the grain of the 
timber, within the limits of strength of the particular nail. 

The roof of the hangar has a 2-in. Stramit decking lined with 
Asbestos paper and a felt covering externally. The side cladding 
consists of Twin 12 Sandwich construction by U.A.M. Co. laid 
horizontally. The doors are top hung folding-sliding doors by 
Potter Rax Ltd. 

The choice of this form of construction by the Architect was 
based on economy in cost, fire endurance and negligible 
maintenance costs. In addition, there were other advantages in 
lighter foundations, speedy erection and simplicity of fixings 
for roof and side cladding and internal fittings. The fire endurance 
of the structure has been achieved in conjunction with the Fire 
Offices Committee and the Fire Research Organisation at Bore- 
ham Wood by increasing the bulk of the timber used and stipu- 
lating minimum thicknesses of individual members. The building 
framework has a fire rating of one hour before collapse which is 
considerably longer than for unprotected metal. 

Interesting points of the design, apart from the main frames 
which are analysed in a normal fashion, are the bracing at roof 
level and the knee bracing at frame soffite level. The bracing at 
roof level consists of diagonal straps running between the four 
corners of the hangar which act in conjunction with stiffened pur- 
lins at the intersection points of the trusses and a wind beam in 
the Stramit membrane across the centre of the hangar, The 
bracing at the knee reduced the effective column length of the 
inner leg member and, also, forms a useful means of reducing 
the effective column length of the laminated posts carrying the 
side cladding. The facing of the hangar is in red Cedar, 
diagonally boarded and framed to repeat the internal frames 
which the Architect wished to protect, but not conceal. 

Main frame foundations for the hangar—designed by the con- 
sulting engineers, Donovan H. Lee and Partners—are of mass 
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Sketch of the timber components of the structural frame and method of site assembly. Portal frames are 
fabricated on site from workshop-made straight lengths. 
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New Hangar at Gatwick—continued 


concrete, connected by transverse underslab ties to prevent 
spreading of the timber frame. The light dead weight of the 
.imber frame and cladding made it necessary to have bases of 
sufficient size to anchor the superstructure against uplift. The 
structural slab of the hangar floor is 135-ft. sq. divided into 81 
pays, each 15-ft. sq. which are dowelled on all edges. The 
9-in. slab of concrete with a minimum 28-day strength of 5,000 
ib/sq. inch is laid on building paper overlying a 4-in. lean mix 
concrete base and all joints in the main slab are arranged to be 
at least 3-ft. from joints in the base. 














H.B. Beams for the new Hangar at Gatwick. 


Interesting Statistics 


Each main frame is designed to carry a distributed load of 
approximately 56 tons. 

The front gable frame carries the folding-sliding doors which 
weigh approximately 22 tons. 

The front gable frame has been notched at the centre point to 
accommodate a tail plane of up to 38-ft. above ground level. 

All the forces in the framework are transmitted to ground level 
through a designed system of nailing and the splice connections 
have been carried out with nails and wood screws only. 

The framework to the hangar consists of approximately 80 
standards of timber and 4 tons of nails. 

The main contractors for the work are J. Jarvis & Sons Ltd., 
London. 








The Effect of Packaged 


Timber on Ship Turnround 


by a Correspondent 


under the compelling need for the quicker turnround of 

ships that recognition of new principles has tended to lag 
behind experiment with new methods. To his amazement, the 
inventor of a new process or the innovator altering an old one, 
finds that no single change in cargo handling methods is, in prac- 
tice, confined to the one link in the chain. The earliest of all 
modern improvements, the electric truck, introduced generally 
in the 1920’s, set out to carry the load of several handtruckmen. 
As well as attaining this immediate objective it made payment 
for extra distance unnecessary. It brought into productive use 
distant premises; it saved damage and made pilferage more diffi- 
cult; it largely eliminated fatigue, thus making sustained periods 
of heavy work, such as meat deliveries, possible. During the 
last half-century few dock practices have remained unaffected 
either as the result of direct or ancillary changes, 


4 ‘HE technique of cargo handling has developed so rapidly 
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Softwood timber, in its handling methods, remained practically 
immune from change and progress during the last century. The 
demand for what was earlier known as “ builders’ timber”, in 
1855 stood at 20,000 standards; a century later the comparable 
figure was 563,067 standards. With the exception of a very 
small proportion of less valuable timber imported in bundles, 
string or wire tied, each piece of this astronomic quantity is 
handled many times. 

What are the means by which timber handling can be 
modernised? Is it not possible to apply another well proven 
axiom of general cargo working, that the unit of cargo should 
not only be made up of homogenous parts but should be as large 
as is practicable? It should also be made up at the earliest 
possible point in its journey and should remain intact until its 
contents go into consumption. For many years timber has been 
shipped from Pacific ports to the Eastern seaboard of the United 
States in large, securely made-up bundles each weighing a ton 
or more, and containing timber sorted, prior to shipment, to the 
three dimensions, Why then is slow handling inherent in the 
piece-by-piece method still tolerated with timber exported from 
Baltic and Russian ports? There are a number of reasons and 
they demand examination. 

(1) To reduce the number of lengths so as to build up a prac- 
ticable Bill of Lading of large bundles involves waste in 
cutting. 

(2) There are difficulties in the way of sorting to sizes prior to 
shipment. 

(3) Internal ship space is not rectangular and loss of carrying 

space is inevitable when stowing large bundles. Loose pieces 

can be made to fit economically into an irregular stowage. 

Receivers’ premises may not be equipped to handle large and 

heavy bundles. 

(5) There is additional expense in banding and in the ultimate 

breaking of the bands. 

Damage may be caused through insufficient ventilation, 

within the package, to individual pieces of timber. 


(4) 


(6) 

















Packaged timber, pre-sorted to sizes, being discharged. 


Each of these reasons is pertinent to one or more of the 
interests concerned. There is however, evidence that, heartened 
by the results of the limited experimental shipments so far made, 
mill owners, exporters and importers are co-ordinating their 
efforts in an attempt to overcome the difficulties. Watching 
these efforts with very real concern are the port authorities, 
shipowners, lighterage contractors and rail and road haulage 
interests. It is no exaggeration to say that the adoption of 
packaged timber in place of the piece-by-piece method would 
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The Effect of Packaged Timber on Turnround—continued 


have results comparable in magnitude to those that followed 
the substitution of bulk shipment in place of bagged sugar. 

A feature of the present method of importing timber is the 
tacit acceptance of delay at all stages of the process. Loading 
the ship, because of the almost individual attention given to 
each piece, is slow. Discharge, for the reason that each piece 
so painstakingly stowed has laboriously to be broken out again, 
only to be again stowed in the waiting craft or put ashore on 
to dumps or in a form suitable for placing in or on rail trucks 
or other accepted conveyance, is slower still. 

__.-When the timber is sorted and piled at the dock to Bill of 

Lading or hauled to merchant’s premises adjacent to the docks, 
each piece is again handled. Having regard to the seasonal 
traffic in Baltic softwoods shipments are invariably bunched 
into part of the year—a part when bad weather and short hours 
of daylight further impede an already slow process. Demurrage 
is liable to be incurred both by the ship and the barge, and often 
by the conveying railway wagon; damage takes place during the 
long time that is accepted as normal between shipment and the 
final taking to account. Sale of the timber has often to wait 
on the completion of the piling; final settlement and claims 
for shortage are the last links in this tedious process. 

The carriage of softwood by sea has by custom been accepted 
as including a sizeable element of loss as well as damage. The 
practice of carrying deck cargoes contributes its quota to the 
annual loss, but a substantial leakage takes place daily by the 
conversion of sound cargo into lower priced driftwood. Sets 
of loose pieces, lifted endwise to induce them through a small 
hatch space, allow the occasional piece to fall into the dock or 
river. From the very considerable portion of the traffic that is 
lightered comes a larger dole, knocked from the stack during 
the bumping and boring that is inseparable from movement of 
craft in congested tidal waters. Some further loss is inevitable 
during the discharge of wood-laden craft. There can be no 
commodity whose substantial import into this, or other countries, 























A “gang” landing packaged timber. 


is accompanied by a toll of loss so considerable or accepted with 
so little protest. It is true that a moiety of the good timber so 
jettisoned is recovered as the Receiver of Wrecks at the main 
importing ports can assert. It is also true that immersion re- 
duces considerably the value of the cargo so recovered. The 
danger and inconvenience to shipping in enclosed waters of 
floating timber of this kind needs no emphasis. 

Is it possible to sum up the benefits that would follow, some 
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immediately, on the substitution of packaged timber for th« 
present piece method? Apart from the advantages to the tradc 
of the quicker turnround how would the interests who handle 
but do not own softwood timber benefit? Without reading toc 
much into the results of experiments so far made, it is cleai 
that some, or all, of the following improvements would quickly 
become apparent. 


(1) Quicker ship turnround. The fantastic output figure o! 
approximately 10 tons per man-hour is recorded during the 
discharge of a vessel that carried 188 standards, of whicl 
174 standards were bundled. In ports where the numbe: 

















A deck cargo of packaged timber arrives without loss. 


of berths suitable for timber ships is limited the quay has 
to be cleared before the following vessel can commence to 
discharge. This is a common cause of delay to ships during 
a busy season. 


(2) Quicker barge turnround. Many timber storages are ac- 
cessible only to craft. Timber yards situated on canals can 
be served only by “canal” barges. Thus, lighterage—and 
this may well include a large annual tonnage destined to 
be transferred to rail at a water served depot of British 
Railways—is a vital element in the movement of timber. 
The demands of the present system cannot but mean that a 
proportion of the available craft are tied-up when they 
should be in circulation. 


(3) Seeing that freight charges take account generally of the 
time taken for the voyage-cycle and also for the cost of 
loading and discharge, it is not unreal to assume a fall in 
freight charges with a cargo amenable to modern methods of 
handling. Similarly lighterage, rail and road charges would 
invite revision. 


(4) Port authorities, no longer tolerant of the manual methods 
that were considered as satisfactory prior to 1939, have over- 
come very real physical and technical difficulties in their 
efforts to mechanise timber handling. The design of new 
storage premises has been radically altered as have the ap- 
proaches thereto. If the present wasteful practice of hand- 
ling each piece separately before sorting and piling, could 
be replaced by the mechanised movement of presorted 
packages, the complete process would be quick and simple. 
The normal principles of fixing tariff charges for such opera- 
tions would suggest that the present rates could be reduced. 


(5) The considerable period between shipment and the render- 
ing of the piling account, whether the work is done by a dock 
company or in a private yard, has already been referred to. 
Eliminating the causes of this delay would enable transac- 
tions to be closed speedily and the parcels turned over in 
the normal way of business. 
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The Effect of Packaged Timber on Turnround—continued 


(6. One cause of delay applicable to certain ports is the custom 
of employing specialised transport workers on the sorting 
and piling of softwood timber. The operation is a skilled 
one; the ability to sort to size by the eye alone comes only 
with practice. Unfortunately, work on timber has not the 
attraction of general cargo and the number of specialised 
workers is generally less than before the war. Whilst it is 
true that mechanisation has enabled the work to be done 
with fewer men, it is clear that packaged timber, already 
sorted to sizes, could be handled by general labour of which 
a more adequate supply is normally available. 

(7) The almost entire eradication of the driftwood problem, 
following the substitution of packaged timber, would make 
unnecessary the considerable clerical work that now goes on 
in checking specifications and preparing claims. The curing 
of this running sore would be a healthy development. 

If the above is but an indication of the effects that would follow 

a simple chauage in the present handling methods why, it may 

be asked, has the change not yet been made? If there is sub- 


Publications on Timber 


Marine Boring and Fouling Organisms Edited by Dr. D. L. Ray 
and published by the University of Washington Press, 
Seattle, U.S.A. Price $8.50. 

During September 1957 a symposium on the basic biology of 
marine boring and fouling organisms was held at the Friday 
Harbour Laboratories, U.S.A. and the proceedings of this sym- 
posium have now been made available in book form. The 
meeting was sponsored by the University of Washington and 
supported by the Office of Naval Research together with various 
maritime agencies, representatives of interested industries and 
other students of the subject. The papers given correlated the 
scattered information accruing from previous work, considered 
the results of current investigations and discussed the most 
promising leads for future research. 


Dry Rot in Wood (Forest Products Research Bulletin No. 1). 
Published for the Dept. of Scientific and Industrial Research 
by H.M. Stationery Office. Price 4s., postage 3d. extra. (72 
cents in U.S.A.). 

The sixth edition of this bulletin was published last month 
and includes the latest information available. The most important 
changes relate to the difficult problem of eradicating the true dry 
rot fungus “‘ Merulius Lacrymans” which also infects brickwork 
and masonry. It has now been established that the chemicals 
sodium pentachlorophenate and sodium orthophenylphenate are 
much more effective for this purpose than sodium fluoride and 
magnesium silicofluoride, which have been commonly used in 
the past. 

The text has been revised and brought up to date. It includes 
as in the previous edition, sections dealing with recognition of 
fungi, detection and eradication of the decay which they cause, 
and precautions to be taken when using timber in new buildings. 
Year Book of Timber Statistics. Timber Trade Federation of the 

United Kingdom, 69 Cannon Street, London, E.C.4. Price 5s. 

The 1959 edition contains as usual details of imports, home pro- 
duction, stocks and consumption and provides a comprehensive 
ecord of Great Britain’s trade in this commodity. 

Last year Finland for the first time since 1949 was the largest 
ipplier of softwood with 421,000 standards, followed by Sweden 

14,000), Soviet Union (343,000) and Canada (149,000). The 

mbined import figure from all other countries amounted to 

7,000 standards. Home production of softwood (sawn) totalled 

000 standards. 
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stance in the very live contention that shipping space would be 
sacrificed, is this not just one more instance of the present prob- 
lem that faces many shipowners today; that of equating loss of 
earning capacity with the benefit of a quick turnround? A com- 
promise on this very subject having been reached with container 
ships, roll on, roll off vessels and ships built to carry unit loads, 
cannot the experience of these trades be made use of in a 
business that in 1957 had an import value of £120m? 

It may not be within the scope of an article intended to sketch 
the repercussions on the handling of timber by the introduction 
of a new method, to touch on economics. The cost of living in 
this country takes account of the cost of softwood timber; during 
the immediate post-war period the amount of softwood allowed 
in each newly erected house was controlled. An analysis of the 
cost of a standard of timber today, which cost, it is common 
knowledge, has rocketed since 1939, includes the element of 
demurrage on ships, craft etc., high costs of sorting and handling 
generally with a special part for that not inconsiderable annual 
loss known familiarly as driftwood. 


With regard to hardwood imports, amounting to 41,462,000 
cu. ft., the principal suppliers were Ghana (8,779,00), Nigeria 
(8,277,000) and Sarawak (3,173,000). Home production of hard- 
wood (sawn) totalled 16,640,000 cu. ft. 

Imports of plywood totalled 492,000 cu. metres, of which more 
than a third came from Finland (165,000 cu. m.). The second 
largest supplier was the Soviet Union, with 89,000 cu. m. Home 
production amounted to 49,000 cu. m. 

The U.K. consumption figures last year for softwood, hard- 
wood and plywood amounted to 1,591,000 standards, 60,680,000 
cu. ft. and 526,000 cu. m. respectively. 
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* Easy to Erect 
% New timber throughout 


% Extensive range of 
standard designs 


%* Individually designed if 
required 


%* Free delivery within 
200 miles radius 
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Send for PEEL'S comprehensive 
catalogue and price list, or ask 
for representative to call. 


H. PEEL LTD. 


Mearclough Works 
Wakefield Road 
Sowerby Bridge, Yorkshire 
Tel: Halifax 81211 
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AIRFLOW (WATFORD) LTD. 
Oxhey Lane, Watford, Herts. 


Tel: 21579 
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CLASSIFIED ADVERTISEMENTS 


Rates 4s. per line (minimum 8s.); Box Number 2s. extra: Rate for 
single column inch is £2 per inch. Prepayment of classified 
advertisements is requested. Orders should be sent to Advertise- 
ment Department, “The Dock and Harbour Authority.” 19. 
Harcourt Street, London, W.1. Telephone: PAD 0077. 














TENDERS 





SOUTH AUSTRALIAN HARBORS 
Contract 17/59 


Tenders are invited by the South Australian Harbors 
Victoria Square, Adelaide, for the building, supply, testing and 
delivery to Dockyard, Glanville, South Australia of One Non- 
propelled Bow-well Bucket Dredger. Closing date for tenders is 
25th August, 1960. 


Plans and Specifications will be made available upon application to 
the Agent General and Trade Commissioner for South Australia, 50 
Strand, London, W.C.2 on payment of a fee of £10 sterling which 
will be retained until the Board arrives at a decision regarding the 
tenders. Non-successful bona fide tenderers will be entitled to a 
refund of their deposits under certain conditions. 


BOARD 


Board, 











APPOINTMENT VACANT 


DREDGE MASTER accustomed to Rock Dredging is required by Civ. 
Eng. Contr. to take full charge of all marine craft operations on a major 
harbour construction project in West Africa. Applicants must be fully 
experienced underwater blasting and dip dredging. A high salary is 
envisaged for the right man. Write Box DHA 323 LPE Romano House, 
399/401 Strand, London, W.C.2. 





FOR SALE 


40-ft. PILE DRIVER, nearly new- 
steel piles). £925 or 
EXMOUTH, DEVON. 


STEEL-FRAMED BUILDINGS for sale; 8-ft. to 400-ft. clear width, as 
Workshop, Storage, Hangar Buildings, etc. Please write details of 
requirements. Bellman Hangars Ltd., Hobart House, Grosvenor Place, 
London, S.W.1 


PRIESTMAN FOUR-ROPE 140/120 cu. ft. GRAB for sale. Designed for 
coal but suitable for other commodities. Weight empty 67 cwts. Unused 
since reconditioned by makers. Inspection by arrangement at Hull. 
Sealed offers marked “‘ Priestman Grab” to be lodged with the under- 
signed not later than 18th June, 1960. Norman R. Beattie, General 
Manager and Secretary, Harbour Office, Aberdeen. 





-timber construction (capacity 50-ft. 
reasonable offer. EXMOUTH DOCK CO., 





SUBSTANTIAL QUANTITIES iS of a anchor and mooring stud link and 
short link chain available. Sizes l-in. to 3-in. Also stock and stockless 
anchors from 10-cwt. to 5 tons, with shackles of all types. 


JONES SUPER 22- and 8-cwt. Neals Cranes, both in good condition. 
B.G. Plant (Sales Agency) Ltd., Watlington, Oxon. Watlington 44. 


124 TON COLES Crane, also 4 ton Crane on tracks. B.G. Plant (Sales 
Agency) Ltd., Watlington, Oxon. Watlington 44. 


FORKLIFT TRUCKS OF EVERY DESCRIPTION FOR SALE OR HIRE, 
including 7 ton Ross. 4000-6000 lb. Coventry Climax, ELECTRIC AND 
DIESEL, all types, advice given on all your Mechanical Handling Prob- 
lems. B.G. Plant (Sales Agency) Ltd., Watlington, Oxon, Watlington 44. 


WANTED 


WILL PURCHASE 
GOOD SECONDHAND Plant and Engineering Equipment, including 
Cranes, Forklift Trucks, Machine Tools etc. Write Box No. 232 “ The 
Dock and Harbour Authority,” 19 Harcourt Street, London, W.1. 


PEST CONTROL 


BRANDER & SON— -Professional Rat Exterminators, Fumigators and 
Pest Control’Specialists, 543 Bitterne Rd., Southampton. Telephone 47566. 
































DAVIES INVESTMENTS LIMITED 
BANKERS 
Continue to pay 74° per annum on deposits, 
with extra 4% added annually on each £500 unit. 
Details and Audited Balance Sheet from Investment Dept. DH. 
DAVIES INVESTMENTS LTD. 


DANES INN HOUSE, 265 STRAND, LONDON, WC2 











N.A.T.O. COMMON INFRASTRUCTURE SLICE VI 
NAVAL BASE INSTALLATIONS 


FINAL NOTICE is hereby given that International Competitive Bids w |] 
be invited on or about the 13th July, 1960, for work in connection wi h 
the construction of storage facilities in the Dumbartonshire area f 
Scotland. 

2. A Separate Final Notice will be issued in respect of the electrical a: d 
mechanical installations, which will be carried out as a sub-contract wit .- 
in the Main Contract. 

3. The approximate value of the Contract will be £3,750,000, and t e 
work will consist of the construction of reinforced concrete and oth r 
buildings, road works, railway sidings, a deep water jetty, drainage work ;, 
together with the associated electrical and mechanical installations. 

4. It should be noted that the importation of labour from sources ou.- 
side the United Kingdom may be subject to restriction and that permission 
could in any case be granted only on an undertaking that the Contractur 
would pay rates of wages and observe hours and conditions of labour not 
less favourable than those established for United Kingdom labour for the 
trade or industry in the same area. 

5. The closing date for receipt of bids will be on or about 5th October, 
1960. 
6. Firms wishing to be invited to bid must formally notify their desire 
by application to the address below by 8th June, 1960. 
7. Within one week of the closing date for receipt of applications to bid, 
firms wishing to be invited must forward the following information: 
(i) Statement of financial resources and evidence of financial stability. 
(ii) Details of recent major contracts completed for work of a com- 
parable nature including an indication of the value of each. 
8. Enquiries regarding bidding should be addressed to: 
Director General, 
Admiralty, 
Chamberlain Way, 
Pinner, Middlesex, 
England. 


and quoting reference N.A.T.O. C.I. Job No. 3. 


Navy Works, 





SHOTBLASTING 


SHOTBLASTING— METAL SPRAYING—COATING Epikote, Araldite, 
P.T.F.E., P.T.F.C.E., Polythene, P.V.C., Neoprene and Hypalon coatings 
applied on SITE or at WORKS. LOYNE LIMITED, Margaret Street, 
Ashton-under-Lyne, Lancs. Tel. No. 4551/2/3. 








FOR SALE OR CHARTER 

Settorepein’s suctionhopperdredgers a various type—hoppercapacity 

m3, 1,100 m3, 2,000 
Seettenser and —. i: ON eh A bucket capacity 35 1. 80 1 
100 1, 200 1, 250 1, 300 1, 600 1, 800 1 (the latter specially suitable 
for dredging broken rock and boulders with 320 1 buckets). 
Dumb bopgerearee for bottomdischarge—hopperhold capacity 100 m3, 
150 m3, 200 m3, 250 m3, 300 m3, 400 m3. 
Motortugs all types: 50 h.p., 100 h.p. 170 h.p. 230 h.p., 350 h.p., 500 h.p., 
620 h.p., 1,000 h.p. 
Floating sheerleg cranes—lifting capacity 45 
120 tons. 
Dipperdredgers—bucketcapacity 55 cub. yard, 75 cub. yard. 
Stationary suctiondredgers with and without cutter—on the sandpump 
100 h.p., 200 h.p., 300 h.p., 350 h.p., 600 h.p., 1,000 h.p., 
Sepepesteating suctiondrergers—on the sandpump 285 h.p., 450 h.p., 
00 h.p. 
Also boosterstations, rockbreakers, floating pipetines. reclamation 
barges and other special equipment. Contracts for dredging, towage 
and delivery under own power can be arranged. 


For further information please apply to: 


Scheepsmakelaarskantoor J. Verheul, Scheepmakershaven 53, 
Rotterdam — telex 21402 — phones 134735 — grams Jeverheul. 


tons, 60 tons, 100 tons, 











HYDROGRAPHIC SERVICES 


All survey work undertaken for hydrographic and 
hydraulic problems in estuaries, waterways and off 
foreshores. 

This work includes economic supervision and advice 


on dredging and conservancy problems. 


S. M. TIDY (Public Works) LTD. 


161 Preston Road, Brighton 6, Sussex. Tel. Brighton 59261 (5 lines) 
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The Dock & Harbour Authority 





